UNCLASSIFIED 
AD  NUMBER 


AD111368 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Controlling  DoD  Organization. . .  Assistant 
Secretary  of  Defense  [Research  and 
Development],  Washington,  DC,  20301. 


_ AUTHORITY _ 

OUSD  ltr,  25  Apr  1986;  OUSD  ltr,  25  Apr 
1986 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


t 


AD  MJL3AL 


CLASSIFICATION  CHANGED 

to:  UNCLASS1FIED- 

CONFIDENTIAL- 

.  AUTHORITY) 


UNCLASSIFIED 


i 


asNSdxa  iN3WNM3Aoo  iv  aaonaoudau 


REPRODUCED  FROM 
BEST  AVAILABLE  COPY 


I 


CONFIDENTIAL 


f]  T)jj_L2£H 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALE  STATION 
ARLINGTON  12,  VIRGINIA 


DOWNGRADED  AT  12  YEAR 
IOTERVAL3:  NOT  AUTOMATICALLY 
DECLASSIFIED.  DOD  DIR  5200.10 


CONFIDENTIAL 


li 


f 

(* 


I 


UAL 


RipriM  by 

DOCUMENT  SERVICE  CENTER 

KNOTT  BVILDIM,  BAYTON,  2,  OHIO 


TMa  document  la  tha  property  of  tha  United  Rated  Ooeonio»nt.  It  la  (urniahatl  (or  the  du¬ 
ration  at  tha  contrai*  tad  nfcall  ba  returned  when  no  loafer  required,  or  upon  recull  by  AtTlA 
to  the  following  addream  Armed  larrieee  Toehaleal  Information  Agency, 
Do  name  at  lerelee  Center,  Knott  Building,  Dayton  I,  Ohio, 


k 


3*m  DHA  WDrad,  IPKlftnC ATIOMB,  flu  CTKIK  DATA  ■  NOT  TO  BR  BEOANDRD  BY 
IMPUCATIOM  OH  UTUBKWISa  Ag  IH  AMT  MAMNBR  MOBMDQO  TKK  BOLD  Bit  Oh  AMY  OTHER 
PERSON  OR  CORPORATION,  OR  CCKYBY1MQ  AMY  WOW  OR  PBMORBON  TO  MANUF  ACTUM 
UM  OR  SELL  AMY  PATENT  ID  WVBMTKK  TRAT  MAY  W  AMY  WAY  BR  HBLATED  THERETO 


.  I)  A^iilftH  J..jf„;i  .  « 


AO-  1U96S 

*!»;CU«|TV  AtRAOKINO  REQUIREMENTS 

ooo  saooa-it*  oec  ?a 

REVIEW  ON  SB  SEP  79 


U'flMUtRtlM. 


FRO  208/S 


September  1951 


this  document  contains  information  j 

AFFECTING  THE  NATIONAL  DEFENSE  OF 
THE  UNITED  STATES  WITHIN  THE  MEANING 
OF  THE  ESPIONAGE  LAWii,  TITLE  18,  U.S.C., 

SECTIONS  7C3  AND  704.  TUB  TRANS  MISSION 

OR  THE  REVELATION  OF  ITS  CONTENTS  IN  < 

ANY  MANNER  TO  AN  I'KAUYUOHtJSSD  PER¬ 
SON  13  PROFITED  BY  LAW.  i 


! 

t 

COMMITTEE  0*  WEIS  AND  LUBRICANTS 

!  THE  OFFICE  OF  THE  ASHSTANT  SECRETARY  OF  DEFENSE 

j  FOR  RESEARCH  AND  DEVELOPMENT 

Wuil^toa  29,  D.  C. 


FRO  ao^i 


11: 


This  Syaposiu*  on  flydratlne  »nd  Its  Applications  was 
sponsored  Jointly  by  the  naval  Ordnance  Tost  Station,  Inyokern, 
Chinn  Lake,  C«llfomls,  and  the  Ftaavl  on  Fuel  a  Requiring 
Oxidltere,  of  the  Cossslttee  on  Foods  and  hubriotata.  Research 
and  Development  beard.  Faoilitl#*  for  the  roaiun  were 
provided  by  courtesy  of  the  Illinois  Institute  of  Technology, 
Ohloago,  Illinois. 

Papers  which  do  not  contain  proprietary  information 
oonatltute  Volume  I,  for  general  distribution  within  security 
restrictions.  Voloss  It  contain*  tthe  t« saining  papers,  and  its 
distribution  Is  accordingly  limited. 

DON. VXD  B.  BROOKS 
Executive  Director 

Cosmlttee  on  Ftaels  and  Lubrloante  (RAD) 


1 

CONFIDENTIAL 
F2CUH1TY INFOMATION 


CONFIDENT!  U 


Table  of  0  on  Lento 


5  Fetrnajy.  .1 9*5 


Welcome 

Mr,  A,  J.  Nerad,  Chairman, 

Panel  on  Fuelr  Requiring  OxlflUem 
Ur.  Eugene  Lleber 

Naval  Ordnanoe  Teat  Station 

I.  affiRMAN  AND  SOVIET  EXPERIENCE  IN  Tig.  EUS^ 

Ivan  Kenla . . .  . 


II.  MKBMUUn  AND  COST  OF  HYDRAZINE 


Tun  Dehydration  of  itydraaine  by  Aseotroplo  Distillation 
J  V.  Clegg . 


14 


jUtua  of  Research  on  Alternate  Methods  of  fltftOUtoft  atftfchMU 


Hydraains  f”om  the  Solvolyals  of  Semlearhatldo 

Joseph  P.  Chrtsp  . .  51 

The  Photolysis  of  Ammonia  at  1849  X  in  a  Ploy  System 

Harry  E ,  Punning . . .  56 


Hydraatne  from  the  Aotion  of  Liquid  Chlorine  o,.  Liquid  Ammonia 
Uvan  C.  Noonan  .....  .  ........ 

Summary  Report,  on  Availability  Anl.S.ui.LulLJiid.tgAlne 

Hus  sell  P.  Ooodman  . . .  69 

Discussion  on  Papem  by  J.  W,  Clegg,  Joseph  D.  Chrlap, 

Harry  E.  Punning,  Evan  C.  Noonan,  and  Russell  E,  Ooodman  .  81 

III.  PPOfgP'flSa  OF  HYDRAZINE.  AND  HYDRA?. INE  SYSTEMS 

Physical  Chemlatry 

Thurmnl  Annlysls  of  Hydraains  Syst 

Howard  W.  Kruse . . . . . 


CONFIDENTIAL 

SECURITY  INFORMATION 

* 


■'ww  'ffahT*  -'iptr:'.'’  «• 


CONFIDENTIAL 


ri«otlo4i  Aspeota  of  the  Iteml  Deoeamsltlon  of  ttlqnld 
HydMilno  Whoa  Band  no  a  ItateaeretlveOooleat 
David  N.  Naaon . . 


Hich  Pressure  fhonal  Dae 
N.  I.  Olaaa  .  .  .  .  . 


sltloa  of  Kydraslao 


Deooamosltloa  Bates  of  nydraslao  aad  Hydmstne  lltrata 
Solutions  at  Blah  pressures 

Thoaas  1>,  Thonpsoa . 

Dissuasion  on  Paper*  by  Hovard  V.  Krais,  David  N,  Naaon, 
N.  I.  Olaan,  and  Thanes  L.  Thonpsoa  . . 


lydraslne  lltrata 
J.  I.  Mandaa. 


Tha  Analysis  of  Bydraalaa 

John  D,  dark . 

Analysis  of  Bydraalaa  natures 

John  I.  Da  . . 

Analytloal  Method  for  Bydrailas,  Bydrasike  lltrata, 
Water  Mixtures  , 

B.  y.  Larrlok  . 

Uf,tT  ,"'t  """Tnw 


fiiu. 

lie 

150 

lti 

1*7 

155 

175 

178 

189 


Toxlolty  of  Bydraalaa  aad  Ixperlaeatal  Therapy  of  Bydraalaa 
POilOuBl 

Versa  V.  Cola . . . 

Dlaouasloa  oa  Papers  by  J.  I.  Naadas,  John  D.  dark. 

John  B.  De  Vries,  I.  P.  Larrlek,  aad  Versa  V.  Cola.  .  .  .  197 


19* 


oafety  in  the  Baadllc.*  of  Bydraalaa 
J.  I.  Troyan . . 


105 


ill 

CONFIDENTIAL 
SECURITY  INFORMATION 


-  —  -  miii 

DetonubilHy  of  Solutions  of  Hydraslno,  Hydratlns 
Nitrate,  and  Water 

R.  D,  Dvlgelne .  2 53 


Discussion  on  Papero  by  J.  8.  Troyan  and  R.  D,  Dwlgglna  258 

IV.  HTHHAZIHlt  PENIVATIVB3 

The  Reactions  of  Hydraalne  and  Symretrleal  Dimethyl 
Hydrofine  with  Dlborana  and  with  Trlaethylboron 

Martin  Stelndler.  .  .  . . . .  2*1 


The  Use  or  Hydras lno  Derivatives  a«  Flash  and  Saolce 
Dop rase ants  In  ProDellanta 

Daniel  B,  Murphy . .  s*8 

Preliminary  Studio a  of  Hydraalne -Hydra* In#  Nitrate 
Mixtures  for  Propellant  bee  . 

Saul  Wolf  . .  257 

Kxpe i iunoe  In  Using  Hydra sine  a*  a  Liquid  Rocket  Fuel 
and  no  an  Igniter  Fluid 

H.  B.  Foater.  ,  275 

General  Experience  with  Hydraalne  at  Aerojet 

H.  M.  Wlleon . 286 

Dlaeusslon  on  Paper*  by  Daniel  B,  Murphy,  Bnul  Volf, 

R,  B.  Footer,  and  E.  M.  Wilson. . . .  291 

A  Low-Preening  Hydraalne  Fuel  for  Hookers 

Ernest  D.  Campbell . 293 

Some  Theoretloal  and  Pxporlmental  Btudlee  of  Hydraalne 
and  Hydrauine  Byntems  as  Rocket  Fuels 

Paul  M.  Ordln  .  . . . . .  506 

Discussion  on  Papers  by  Ernest  5.  Campbell  and 

Paul  M,  Ordln  .  .  . .  33% 


CONFIDENTIAL 
SECURITY  INFORMATION 


ft 


W  '  A  *  tt  »  M*  U*d  4  4  tt  tl  ru  lt4 


iUBSL 

NO L  Program  for  the  Investigation  of  the  Hydrasine 
Monopropellant  nystem  for  Oun  Application 

touts  LoPlego. . . .  336 


Catnlyuts  for  the  Thermal  l>eoo»posltlon  of  Hydraalne 


Whon  Used  na  o  Monopropallant  or  as  a  Oas  Oanerant 

A.  P.  Grant,  Jr.  346 

Experience  with  Hydra*lne  as  a  Hoolcet  Fuel  at  tha 
m.  W.  Kellogg  Company 

n.  J.  Thompson  .........  .  366 

Dlsoussloa  . . . . .  .  385 

Appendix 

The  Toxicology  of  Hydrasine  -  A  Review 

Stephan  Krop.  . .  388 


CONFIDENTIAL 
SECURITY  INFORMATION 


AFRTOANO,  AL 

Curtlua-Urlght  propeller  01*. 

Curt  los -wight  corporation 
Caldwell,  tl,  J. 

ALUroniKTI,  Lt.  D.  D.,  USA 
Off  loo,  Chief  of  ordnance 
Pepftptment  of  the  Arny 
Washington  2*J,  D.  0. 

AROJMBCJf,  R.  0. 

Bureau  of  Mines,  Region  VIII 
Department  of  the  Interior 
Pittsburgh,  pa. 

BAHLKH,  W.  H. 

Standard  Oil  company  (Indiana) 
Chicago,  Illinois 

daicer,  .tamks 

Western  Repeating  Arm*  0i*. 
OUn  Indus  tries,  ino. 

Mow  haven,  Conn. 

BAT  J„  A,  M. 

Korouleo  Powder  Co. 

Hercules  Experiment  Station 
Wilmington,  Delaware 


BirfSON,  JAMES  a; 

Office  of  Ravel  Reeearoh 
Btanoh  Offloe 
Chioago,  Illinois 

CAMPBELL,  SUREST  D. 

U.3.  Naval  Ordnanoe  Teat 
Station 

insoVern,  Ohlna  Lake 
California 

OARMOOT,  0.  R. 

Standard  Oil  Co,  (Indiana) 
Chicago,  Illinois 

CHRISP,  JOSEPH  0. 

University  of  Texae 
Austin,  Texas 

CLARK,  CHARLES  0. 

Mathleaon  Chemical  Oorp. 
Baltimore,  Md, 

OIARK,  .),  O. 

U.O.  Naval  Air  Rooleet 
Tent  station 
lake  Denmark 
Cover,  H.  J. 


BENDER,  FLORINS  OLEOO,  JOHM  W. 

Armour  Rocearuh  Foundation  Battol.le  Memorial  institute 

Illinois  institute  of  Teohnology  Columbus,  Ohio 

Chicago,  Illlnole 

DOLE,  LEIAND  0. 

BEBSl'O,  0.  Willow  gun  Research  enter 

Bureau  of  Aeronautios  Univerelty  of  Michigan 

Oepartwant  of  the  Wavy  Epaileuiti,  Michigan 

Washington,  0.  0. 

COLE,  VERSA  V, 

BLOOM,  RALPH,  JR.  Ohoialoal  Corps  Medloal 

Buffalo  lilootro-Ohitfflloal  Co,,lno.  laboratories 

Buffalo,  N.  f.  Army  Ohemloal  Center,  Md, 

BORNOTTH,  V.  R.  DARLIBO,  BRA0POR0 

Mathioson  Ohemloal  Corporation  Massachusetts  Institute 

Baltimore,  Md.  of  Technology 

Oembrldge,  Meisaohueetta 

BROOKS,  DONAIP  B. 

Committee  on  Fuels  Si  Lubricants  (RAO) 

Department  of  Defense 
Washington,  0.  0. 

*1 


DoVRIES,  JOHN  S. 

U.fl.  Naval  Ordnance  Vast  Station 
Inyokern,  China  lake 
California 

DEXTER,  T.  H. 

fUthioaon  Chemical  Corporation 
Baltimore,  dryland 

DODSON ,  CAPTAin  BARRT  L.,  TON  (Bat.) 
Offloe  of  Naval  Researota. 

Branoh  offloa 
Chicago,  Illinois 

EUFFIE,  JOHN  A. 
office  of  Naval  Researoh 
Braroh  Offloa 
Chicago.  Illinois 

DURHAM  ,  Karo  P. 

Wfrlghs  Air  Development  Oentar 
Wright -Patteroon  Air  Force 
Bnao,  Ohio 

dviocins,  n.  d. 

0,3.  Naval  ordnanoe  Laboratory 

White  Oak 

Silver  Spring,  Md. 

ELMORE,  TESTER  0. 

Detroit  Lubricator  Co. 

Detroit,  Michigan 

EVANS,  MARJORIE  L. , 

Amour  Reueeruh  Foundation 
Illinois  I mtltute  of  Technology 
Ohloago,  Illinois 

FELOER,  JAMES  N. 

Mathleson  Chemical  Corporation 
Baltimore,  Md. 

FILBERT,  R.  B. 

Battalia  Memorial  institute 
Columbus,  Ohio 

FUlffir.TT,  WILLIAM  J. 

Willow  Run  Research  Center 
University  of  Michigan 
ypsllantl,  Michigan 


FOSTER,  R.  BROOK 
Ball  Aircraft  Corporation 
Buffalo,  If,  T. 

FOX,  S.  M. 

Phillips  Petroleum  Co. 
Bartlesville,  Oklahoma 

CALK,  WILLIAM  S. 

McCord  Corporation 
Detroit,  Miohigan 

OANTZ,  B.  ST.  CIAXR 
U.S.  Naval  Ordnance  Teat 
Station 

Xnyokorn,  China  I* Ice 
California 

OILBERT,  B.  C. 

Oregon  State  College 
Corvallis,  Oregon 

GOODMAN.  RUSSELL 
The  Ralph  M.  Parsons  Co. 
1,08  Angeles,  California 

GRANT,  A.  F. 

.Tst  Propulsion  Laboratory 
California  Institute  of 
Technology 
Pasadena,  California 

GREENE,  JOHN  7». 
orfioo,  Ohief  of  Ordnanoe 
Department  of  the  Army 
Washington,  D.  0. 

QRIFFIN,  D.  N. 

Mafchiaaon  Chemical  oorp. 
Baltimore,  Mo. 

GROVE,  C.  S. 

Syracuse  University 
East  Syracuse,  N.  X. 

CUNNING,  HARRX  B. 

Illinois  Xnstltuta  ol‘ 
Technology 
Chicago,  Illinois 


I 


( 


HALLER,  J.  T. 

Mathleaon  Chemical  Corporation 
Baltimore,  MS. 

HANSEN,  LAWRENCE  J. 

Armour  Research  Foundation 
Illinois  institute  of  Technology 
Chicago,  Illinois 

HARMON, 'LCDR  RALPH  V.  " 

Bureau  of  Ship* 

Department  of  the  Navy 
Washington,  D.  0. 

HARSHMAN,  R,  H. 

Mathleaon  Chemloal  Corporation 
Baltimore,  Md. 

MECKEL,  H,  L. 

Allied  Chemloal  &  Dye  Corp. 

Hopewell ,  Va. 

HERRING,  HENRY  H. 

E.  I.  du  Root  do  Nemours  Si  Co.,Ino. 
Wilmington,  Delaware 

HIR80HLER,  H.  PETER 
U.  S.  Naval  Underwater  Ordnanoe 
Station 

Newport,  Rhode  Island 

HITCHENS,  A.  L. 

Woatern  Repeating  Arms  Dlw. 

Clin  Industries,  ino. 

New  Haven,  Conn. 

H0HN8TEDT,  LEO 
University  of  Chloago 
Chicago,  Illinois 

HURLEY,  FORREST  R. 

Ohio  State  University 
Columbus,  Ohio 

JOHNS,  I.  R. 

Monsanto  Chemical  Company 
St.  Louis,  Missouri 

JONES,  E.  B. 

Guggenheim  Brothers 
Mlnsola,  Long  Island,  R.Y. 

will 


JONES,  OIFTIN  D.  j 

Dow  Chemloal  Company  , 

Midland,  Michigan  j 

KAUPMAN,  J.V.R,  I 

Ploatinny  Arsenal  \ 

Dover,  N.  J. 

KEENAN,  ARTHUR  0. 

Illinois  Institute  of 
Technology 
Chioago,  Illinois 

KENIS,  IVAN 

Air  Teohnloal  intulligenoe  ) 

Center  i 

Wright-pattereon  Air  Force  i 

Rase,  Ohio  ( 

KISH,  CALMAN 
Pttlrmount  Chemloal  Co. 

New  YorV ,  N.  Y.  ! 

KLEIN,  EUGENE  L.  I 

Of floe  of  Auet.  Sonratary  ; 

of  Defense  (PM3)  ! 

Dspartmont  of  Defense  ) 

Washington,  D.  0,  j' 

KOTTS,  RICHARD,  JH.  | 

Simpson  Coal  &  Chemical  Oo, 

New  York,  N.  Y* 

XROP,  STEPHEN 
Chemical  Corps  Kcdloal 
laboratories 
Armv  chemical  Center 
Maryland 

KRUSE,  HOWARD  W. 

U.S.  Naval  Ordnnnoo  Test 
station 

Xnyolcern,  China  Lake 
California  , 

KU3IAN,  ROSS  N.  I 

University  of  Washington  ] 

Seattle,  Washington 


j 


LAIWIOK,  B  .9, 

U.S.  Ravel  Ordnanoe  laboratory 

Whit*  oak 

silver  spring,  Md. 

iavsoh,  v.  i. 

B,  I,  du  pent  At  Nemours  A  co,,  mo 
VUralngton,  Delaware 

LEMMON,  A,  V. 

Battalia  Manorial  institute 
Columbus,  Ohio 

LEWIS,  BERNARD 
Bursau  of  Mlnaa 
Department  of  tba  Interior 
Pittsburgh,  pa, 

LIBBER,  EUOErTR 

U.  S.  Naval  Ordnanoe  Teet  Station 
inyolearn,  China  Lake 
California 

LoFIEOO,  LOUIS 

0.8,  naval  Ordnanoe  laboratory 
Whit  a  Oak 
Silver  spring,  Md, 

LOWS,  D.  N, 

Mathienon  ohenloal. Corporation 
Baltimore,  Ml. 

LUOEY,  HENRY1  JT. 

Mnthieson  Ohenloal  Corporation 
Baltimore,  Md, 

MoALUISTER,  R,  A. 

Oeorgla  Znatltuta  of  Taohnology 
Atlanta,  Georgia 

Mo BBS,  FARL  T, 

Purdue  university 
Lafayette,  Indiana 

MoCLEARY,  0,  D, 

Naugtttuok  Ohenloal 
Naugatuok,  Oonn. 

MoOONIQLS,  T,  3. 

Allied  Ohenloal  A  Dye  Oorp. 

Hopewell,  va, 

lx 


MAHAN.  ! ,  B.  ^ 

Phillips  petroleum  Oo.  *•  I 

Bartlesville,  Oklahoma 

MANDAO,  J,  R. 

0U»  industries,  ino. 

Beat  Alton,  ZUinole 

MASON,  DAVID  M. 
yet  propulsion  laboratory 
California  laetltute  of 
Technology 

Pasadena,  California. 

MAYER LH,  X,  A. 

Standard  Oil  Oo,.  (Indiana) 
Chloago,  Illinois 

MILLilR,  ARNOLD 
Armour  Researoh  Foundation 
Illinois  Institute  of 
Technology 
Chicago,  Illinois 

MILLER,  KUCHOTt 
Redstone  Arsenal 
Huntsville,  Alabama 

MILLER.  MAX  W. 

United  States  Rubber  Co, 

Passalo,  N.  J. 

MILLER,  RALPH  D. 

Spenoer  Uhomioal  Oo. 

Pittsburg,  Kansas 

MURPHY.  DANIEL  B. 

Ploatlnny  Arsenal 
Dover,  »,  J. 

HABOW,  HOWARD  X. 

Monsanto  Ohmnioal  Co. 

St.  Louie,  Missouri 

HERAT),  A.  J. 

General  xlootrlo  Oo. 

Soheueotady,  N.  Y. 

NICOLAISEN,  B.  H. 

Mathlsson  Ohsmloal  Oorp. 
Baltimore,  Md. 

n 


¥ 


4 


i 


t  • 


NOOitAN,  t,  C. 

U.g,  naval  Ordnano#  Station 

White  Oalt 

Silver  spring,  Md. 

OWES,  «.  N, 

Heaotlon  Motor*,  ino, 

Ronlcavay,  H.  J. 

ORDIN,  PACT-  N.  t 

Lewie  Flight  Propulsion  laboratory 
National  Advisory  Committee  for 
Aeronautic* 

Cleveland,  Ohio 

0*RIL BY,  1.  J. 

OSBOKQ,  HANS 
Ketaleotro  Corporation 
Biadaneburg,  Md. 

PER  IMAM,  L,  J, 

Rival  laboratories,  Ino, 

Ringvood,  iUlnole 

POPS,  AMES  H. 

Motaleotro  Corporation 
Bladoneburg,  Md. 

POTTER,  ROBERT 
Pell  Airoraft  Corporation 
Buffalo,  N,  Y. 

PRUTTON,  0.  P. 

Mathlbgon  Oheniltal  Corporation 
Baltimore,  Md. 

PUHSLBY,  JOHN 
Diamond  Alkali  Company 
painoevlUe,  Ohio 

RATTIN,  E.  J, 

Bureau  of  Aoronautloe 
Department  of  the  N*vy 
Washington,  D.  0. 

REINHARDT,  RICHARD 
Wright  Air  Development  Center 
Wrlght-Pattoraon  Air  Poroe  Bate 
Ohio 


ROBBLL,  JOHN  ' 

Ouggenhelm  Brother* 
Mlneola,  Long  Island,  N,Y. 


ROBERTS,  RALPH 
Off lee  of  Naval  Research 
Department  of  the  Navy 
Washington,  D.  C. 

RODJtBUSH,  WORTH  H. 
University  of  IUlnole 
Urbanu,  Illinois 


RYXER,  D.  V. 

OUn  Industrie*.  Ino. 
Eait  Alton,  Illinois 


SCHLHSINOER,  H.  1. 
University  of  Chioago 
Chicago.  Illinol* 


SCHWAROE,  MORTON 
Edval  Laboratories,  mo. 
Ringvood,  IUlnole 


SEYMOUR,  ».  H, 

Offloe  of  Naval  Research 
Department  of  the  Navy 
Washington,  D.  0. 


SHEEHAN,  W.  E. 

Bureau  of  Ordnanoe 
Department  of  the  Navy 
Washington,  D.  0. 

SHOEMAKER,  B.  R.  , 

Standard  Oil  Co.  (Indiana) 
Chioago,  IUlnole 


SHUI/TZ,  J.  F. 

Bureau  of  Mines 
Department  of  the  Interior 
Pittsburgh,  Pa. 

SII.VERBTEIN,  M.  8. 

Franlcford  Arsenal 
Philadelphia,  Pa. 


SISLER,  HARRY  H. 

Ohio  state  University 
Columbus,  Ohio 


( 


x 


3TANN,  COLONEL  LEON,  1SAF  TIEMAN,  J.  V, 

Committee  on  Puele  It  Lubricant*  (R4D)  Battelle  Memorial  Institute 
Department  o  Defan*#  Columbus,  Ohio 


Washington,  D.  C. 

flTF.HIE,  J.  J, 

Naugatuck  Chemloal 
Naugatuck,  Conn, 

STEINBKRT,  MEYER 
Quggenhela  Brother* 

Mlneola,  Long  Island,  N.Y. 

STBINDLSR,  MAMIN 
University  of  Chicago 
Chicago,  llllnola 

STOROH ,  8.  H, 

Bureau  of  Mine* 

Department  of  th*  Interior 
Pittsburgh,  fa. 

8YNAN,  J.  T, 

Mathieson  Chemical  Corporation 
Baltimore,  Mrt. 

TANI3,  CHARLES 
ntj.  Air  Material  Command 
Weight -Patterson  Air  Forgo  Base 
Ohio 

TSRLIZZI ,  P.  M. 

U.S.  Naval  Air  Rookot  Vast  Station 
Lake  Denmark 

Dover,  N.  J.  . 

TIDEOBALD,  C3CAR  J. 

Mathlonon  chemloal  Corporation 
Baltimore,  Md. 

l'HOMAS,  D.  0. 

Mathieeon  Chemical  Corporation 
Baltlmoro,  Md. 

THOMPBOH,  R.  <T. 

M.  V.  Kellogg  Oo. 

Jersey  City,  H.  J. 

THOMPSON,  THOMAS  L. 

Red  el,  ino. 

North  Hollywood,  California 


TROYAN,  J.  E. 

Msthleson  Chemical  Corporation 
Baltimore,  Md. 

Dm,  ORA  NT 
University  of  Chicago 
CPlcatfo,  Illinois 

TOP.''  .  TBUR  H. 
tloi  v n . .  sy  of  onloago 
Chicago,  Illinois 

VE83EL0VSKY,  VLADIMIR  V. 
Battelle  Momorlal  Institute 
Columbus,  Ohio 

VON  HV.SCKRT,  FRED 
Falrmouiit  Chemical  Oo. 

New  York,  N.  Y. 

WAR: NO,  CHARLES  E. 

University  of  Oonneotlout 
Storrs,  Connnotlout 

VEDDKLL,  D.  S. 

Moneanto  Chemloal  Oo. 

8b.  Louis,  Missouri 

WEIU,  PAUL  B. 

U.S.  Naval  Undevvatair 
Ordname  Station 
Newport,  R.  I. 

VlIflOR,  B.  MILTON 
Aerojet  Engineering  Corp. 
Atiusa,  California 

WINTERNITZ,  P.  F. 

Roast Ion  Motors,  Ino. 

Roskavay,  N.  J. 

V1RTH,  H.  I. 

Syracuse  University 
Syracuse,  H.  Y. 


•  *  t 


VOJCIK,  8.  H. 

Mathleaoo  Chaaleal  Corporation 
Baltimore,  Md. 

WOLF ,  MOL 

0.5.  Naval  Ondarvatar  Ordnanoa 
Station 

Havport ,  8.  X. 

VOMSR,  8.  L, 

Olio  Xnduatrlaa,  Ino. 

8a at  Alton,  Xlllnoia 

YAMPOLSKX,  JACK  S. 

Armour  Reiaareh  Foundation 
Xlllnoia  Inatituta  of  Taelmologx 
chioago,  llllnola 

ZELLER,  A.  F, 

OUn  induitrlaa.  ino. 
tout  Alton,  Xlllnoia 

ZL81Z.  A. 

Standard  Oil  Oo.  (Indiana) 
Chlougo,  Xlllnoia 


all 


j'NFID&NflAL 


SYMPOSIUM  OR 

HYDRAZINE  AND  ITS  APPLICATIONS 
M  B  AT  1«X  ILLINOIS  INSTITUTE  OP  TECHNOLOGY 
ORIOAOO,  ILLINOIS 
2-J  FEBRUARY  19W 


MORN  I  NO  SESSION,  8  FEBRUARY  1953 

CHAIRMAN 

DR.  H.  K.  NASON 
MONSANTO  CHEMICAL  COMPANY 


MR.  S.  L.  KLEIN  (Reaearoh  and  Development  Board) i  This 
Symposium  la  sponsored  by  the  U.  IS,  Naval  Ordnanoo  Toot 
Station  and  tha  Funis  aud  Lubricants  Committee  of  tha  Research 
and  Development  Board  (particularly  tha  Panol  on  Fuala 
Ray airing  Oxidlsere),  and  la  tha  raason  va  ara  hara  today. 

I  would  lilce  to  point  out  that  tha  overall  classifica¬ 
tion  of  tha  session  la  "Conf ldantlal , "  although  soma  of  tha 
paptra  will  ba  olasslflad  lovar.  Tha  program  la  also 
classified  HConf ldantlal.* 

Thera  ara  tvo  change ■  In  tha  program.  Dr.  Sugona  Llecer, 
haad  of  tha  Chemistry  Saotlon  of  tha  Naval  Ordnance  Teat 
Station,  will  give  an  address  of  welcome  Instead  of  Dr.  Qantt, 
aa  indicated  In  tha  program. 

Dr.  Howard  Crust,  of  the  Naval  Ordnanoo  Teat  Station, 
will  be  ohairman  of  tomorrow  morning's  session. 

If  thorn  ara  no  questions,  then  it  Is  sty  pleasure  at 
this  time  to  introduce  to  you  the  Chairman  of  tha  Panel  on 
Fuels  Requiring  Oxidlsere,  of  tha  Committee  on  Fuels  and 
Lubricants,  Research  and  Development  Board,  Mr.  A.  J.  "Tony" 
Narad  of  the  Qeneral  Electric  Company. 


1 


CONFIDENTIAL 
SECURITY  INFORMATION 


1 


I 


CONFIDENTIAL 


MR.  A.  3.  HKRAD  (General  fleotrlo  Company) i  I  am  listed 
on  th#  pragma  to  weloone  yo u  and,  a*  par  my  uihal  custom, 

X  won't  take  but  ona  minute.  It  la  grand  to  ba  ablo  to  find 
aa  auditorium  to  hold  this  Symposium  that  la  aa  largo  and 
comfortable  aa  thia  ona, 

Tha  Panal  on  Fuel*  Requiring  Oxldlser* ,  together  with 
tha  V.  3.  if  aval  Ordaanc#  Teat  Station.  li  holding  thia 
Symposium,  Wo  have  hold  othor  symposia  on  othar  subjects, 
and  tha  gutting  togathar  and  tha  exchanging  of  idooa  reamed 
in  thoao  ooioa  to  bo  aa  highly  successful  that  1  look  for 
thia  session,  to  vhloh  X  again  velooma  you,  to  produce  tho 
i ana  result*.  X  hop*  you  taka  with  you  a  groat  deal  from 
this  Symposium. 

MR.  ICUSXIti  Thank  you,  Tony. 

Aa  you  all  knov  by  thia  time,  tha  Symposium  la  balng 
sponsored  Jointly  by  tha  Roaearoh  and  Development  Board  and 
tho  ttnval  Ordnance  Test  Station,  A  word  of  veloomo  now 
from  tho  Koval  Ordnonoo  Taat  Station,  Dr.  Kug«*u»  Llobar. 

DR.  EtrOBJia;  X.IKB8R  (U.3.  Koval  Ordnanoa  Taat  Station)! 
This  is  a  familiar  auditorium  to  ms,  having  upoat  a  fav 
years  hern  ns  a  professor,  and  X  am  glad  to  see  none  of  my 
vary  good  frlonda  hart. 

I  have  an  announcement  to  make  vhloh  X  think  v»  will 
all  bo  sorry  to  hear.  Professor  Audrleth  la  111  and  vlll 
bo  unable  to  attend  tho  oonferenao,  and  likewise  Professor 
Witt  of  tho  University  of  Taxes.  Professor  Wett  Is  being 
represented  by  Mr.  Ohriap,  however,  end  X  am  sura  h*  will 
bo  ably  represented. 

Tha  main  work  of  this  conference  lias  immediately 
bofora  us,  and  so  tha  time  lo  really  uhort,  with  only  tvo 
days  for  th#  largo  number  of  papers  and  X  hop*  a  considerable 
amount  of  dlsousclon,  1  vlll  also  mako  my  remarks  short  and 
oonolsa  in  behalf  of  tho  Koval  Ordnanoa  Tost  Station. 

I  find  it  is  a  happy  prlvllaga  indetd  to  woloomo  all 
of  you  in  tha  name  of  the  Bureau  of  Ordnanoa  end  tho  Novnl 
Ordnanoa  Tost  Station  to  this  ooaferenoe.  I  givo  auoh 
voloomo  to  you  from  tha  Technical  Direotor,  Dr.  Frederlok 
Brown,  and  the  Commander  of  the  Station,  Captain  Btroup. 
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This  conference  h*u  lta  Inception  in  Ifcvember  of  1951  la 
a  discussion  1  had  with  BUI  Shoehan  of  the  Bureau  of  Ordnanoe 
In  Washington,  and  Bill  immediately  paused  my  suftBOStlon 
ttlonji  to  Oonoi  Klein.  I  telephoned  him  and  tho  conforsnoe 
took  birth  c,bout  ter  1952,  la  the  fora  of  a  suggested  agenda 
vhloh  1  drew  up  with  the  aid  of  ay  colleagues  out  at  the 
Station. 

For  the  really  hard  work  In  organising  this  confsranoo 
ve  aust  compliment  Oene  Klein  vho  took  over  the  ehlaf  burden 
of  correspondence  end  tho  other  detslle,  and  HOTS'  Dr,  Howard 
Kruse,  with  vhon  you  will  booome  bettor  acquainted  leter  in 
the  oonferenoe. 

We  should  Indeed  express  our  indebtedness  to  our  friends, 
Illinois  Tech,  for  ths  fine  facilities.  Many  of  you  hers, 

1  think,  will  remember  the  fine  fsollltiss  ve  enjoyed  at 
our  erv.j>reno#  On  nitrogen  compounds  held  In  September  1930. 

yinrly,  a  word  of  thanks  from  HOTS  to  tho  Chloago 
office  v,;  ONH  for  their  aid  and  the  fine  dinner  arrangement 
they  have  Binds  for  ue. 

1  need  not  say  that  this  oonferenoe  Is  Important  and 
timely.  At  present  everyone  Is  oonoerned  with  the  world 
situation  and  I  express  ths  attitude  of  all  of  us  In  saying 
that  wo  hope  that  vhat  la  said  hera  will  aid  In  solving 
soma  of  the  difficult  military  problems  which  confront  us. 

If  1  wars  asked  vhat  my  high  motivation  was  in  oonoeiv- 
lng  this  conference  It  would  be  to  ensure  joientiflo 
advancement  In  hydra r. ins  chemistry  by  bringing  together 
thin  group  of  workers  of  distinction  so  that  they  might 
got  to  know  each  other. 

Thank  you. 

MR.  KIKllft  I  made  one  omission  In  ths  introduction* , 

I  want  you  all  to  meet  Mlea  Selby,  vho  will  reeord  the 
disouaalon  of  this  meeting.  Mias  Selby  Is  head  of  tha 
Oonferenoe  Reporting  Unit,  Research  and  Development 
Board. 
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It  la  Alio  •  dli t lnot  pleasure  for  m  to  Introduce  the 
Chairman  for  the  flrot  session  of  th«  Symposium,  Dr.  Howard  X. 
•fc.oo,  Dirootor  of  Research  for  the  Organic  Chemloal  Division 
i ,i  the  Monsanto  Chemical  Company,  and  a  member  of  tha  Panol 
on  Fuels  Requiring  Oxldliers,  Research  and  Developtwnt  Board. 

Dr.  Mason 

(At  thla  point.  Dr.  Hovard  X.  tfaion,  Monaanto  Chemloal 
Ooapany,  aiauaad  tha  Chair.) 

THI  OHAIRXAK i  Thank  you  vary  mush,  Cana. 

Tvo  of  tha  hardsnt  thing i  to  gat  your  fingers  on  in 
tha  overall  work  In  a  flald  Ilka  thla  ara  tha  actual  require¬ 
ment!  of  ond  Items  relatod  to  fuel  properties,  and  Information 
on  what  our  competition  overaaaa  la  up  to. 

We  ara  very  fortunate,  therefore,  thla  morning  to  be 
able  to  start  thla  program  with  a  paper  on  on#  of  these  two 
fields.  Mr.  Ivan  Knnls,  of  the  Air  Teohnleel  Intelligence 
Center,  of  Wright-Fat tor son  Air  Foroe  Base.  will  preaent  a 
dlaouaalon  of  tha  "dermal*  and  Soviet  Hxpo.rienoe  In  the 
Bydraslne  Flold." 

Mr.  Xenia. 
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GERMAN  AND  SOVIET  EXPERIENCE  IN  THE  HYDRAZINE  PIBU) 

*1 

Ivan  Ksnls  '  ” 

Air  Technical  intelligence  Cantar 


The  German  wartime  axparlanoa  with  hydrasinti  haa  becu  vaU 
publicised  in  many  reports  prepared  by  tha  prltlsh  intolllganoa 
Objectives  Sub-Oommlttoo  (1.8, 3, 5)  and  tha  Cooiblntd  Intelligence 
Objectives  Sub-Committee  (A).  These  reporta  daaorlba  tha  manu¬ 
facture  of  hydroalrie  hydrate  by  the  nasohlg  process,  and  atlnov 
modifications  of  this  prooeaa,  In  the  three  Oorman  planta  which 
were  formerly  at  Gerethofen,  Ludvigohafen  and  Leverkusen.  In 
addition,  the  exoelljnt  monograph  by  Audrleth  and  Ogg  treota 
the  Raoohlg  prooeaa  In  come  detail  (16),  Duballa  of  tho  oiethoda 
of  manufacture  aye  familiar  to  moat  inveutisator*  and  it  ahould 
aufflou  bo  bouoh  only  upon  a owe  of  the  problems  encountered  by 
the  Germans, 

The  Leverkusen  and  Garathofan  plant  operations  were  baaed 
on  tho  partial  oxidation  of  ammonia  by  sodium  hypoohlorlte, 
tfliuvcAS  tho  L«Gwiftsliafoa  plant  subetltutel  urea  for  emmcila  as 
a  mattor  of  oonvenlonoe.  Tha  Ludwiaahafan  plant,  estimated  at 
20  tono/month  capacity,  produced  hydrauine  culratu  from  whloh 
tho  hydrato  vc,o  reoovovtd  by  troutmont  with  sodium  hydroxide 
followed  by  ouoocasive  distillations.  The  Leverkusen  plant  vaa 
designed  to  produce  50  '.'ons/month  and  aarvud  aa  the  modal  for 
tha  Gorsthofon  plant  whloh  vaa  to  produce  300  tons/month.  At 
both  plants  tho  hydrate  was  produced  direotly  without  the 
Intermediate  sulfate  step.  The  Gorethofsn  plant  was  deolgnod  aa 
tlvue  Independent  100  tun  capacity  units,  only  one  of  whloh  was 
put  into  operation  boforo  tho  end  of  the  wry;  and  this  unit  nover 
txceoded  a  monthly  production  of  go  tona. 

Porhapa  the  most  important  hydraalne  development  during  tha 
war  waa  the  direct  reotlf ioatlon  of  hydras Ido  from  tho  reaction 
produote  without  the  intermediate  hydra Une  ouU'ate  step.  It 
is  paradoxical  that  this  Imp, movement  vaa  known  to  tho  Raaohig 
firm  many  years  boforo  the  war  bub  was  to  be  redloooverod  by 
tho  combined  effort#  of  tho  I,  0.  PUrben  Industrie  and  tha 
Kleotroohemloohe  Works,  MunioU.  Although  it  vt.s  Raaohig  who 
lntroduoad  hydras loo  hydrate  to  ths  Gsrman  Aviation  Rssearoh 
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Jnetitut*.  the  Raaohlg  plant  produced  less  than  five  (5)  too* 
throughout  the  whole  war j  however,  Raeehlg  vaa  capable  of 
producing  only  one  ton  per  month. 

Equally  aa  important  au  the  dlreot  rectification  process, 
were  the  yield  improvements  which  were  brought  about  by 
increasing  the  temperature  of  the  hypoohlorlte -ammonia  mixture 
to  l60°0,  and  simultaneously  ualng  a  high  pressure  (30  atm)  tu 
maintain  the  reactants  in  ths  liquid  phase.  Whan  the  Oermana, 

In  1944,  sold  tlis  hydra* ins  proosss  to  ths  Japanese,  the  high- 
proouure  prodees  was  purposely  omitted  from  the  transaotios. 

The  aotual  transfer  of  teohnioal  data  to  Japan  was  delayed  by  the 
var  situation  until  June  or  July  1944.  Ths  contract  provided  for 
a  German  technician  to  go  to  Japan,  tout  this  did  not  take  plaoe. 

Ae  far  as  could  be  determined,  ths  Japanese  never  euco ceded  in 
produo lng  hydraslna  in  the  short  period  from  1944  to  the  end  of 
the  war. 

During  the  war,  ten  lmptovement  .patents  were  filed  by 
Gorman  Inventors,  although  all  wore  not  granted.  Aside  from  the 
dlreot  rectification,  high-pressure  continuous  prooosc,  these 
pateuta  oontalnod  little  of  any  significance.  Thoy  dealt  with 
minor  improvements  of  questionable  value.  Neither  the  German 
scientific  literature  of  that  period  •  there  vaa  praotloally 
none  published  -  nor  the  classified  intelligence  documents 
Indicated  any  researoh  on  the  preparation  of  anhydrous  hydraslne. 
Interrogations  on  the  aubjeot  of  anhydrous  hydraslne  dlreoted  to 
the  principal  scientists  engaged  In  the  field,  confirmed  that 
only  the  hydrate  was  oonsldered  by  the  German  Government,  although 
tho  advantages  of  the  anhydrous  product  were  recognised  and  at 
least  one  investigator  considered  beginning  researoh  on  ths 
synthesis  of  hydraslna  from  Its  elements,  or  from  ammonia  undar 
eleobrlo  discharge.  Ths  short  time  available  for  the  development 
of  oommorolal  hydraslna  hydrate,  covering  1940  through  1944,  and 
the  urgency  bo  supply  this  fuel  to  their  rooket  propulsion  program, 
left  little  time  for  researches  of  Isas  Immediate  results. 

Although  the  principles  of  ths  Raiohlg  process  are  well 
known  It  may  bo  veil  to  olte  come  of  the  practical  difficulties 
the  Germans  experienced  In  producing  the  hydrate  on  a  continuous 
basin.  For  example,  the  problem  of  starting  up  the  plant  required 
a  good  deal  of  aompetonoe  In  order  to  bring  the  system  into 
equilibrium.  Repeated  stoppages  due  to  bombing  raids  made  It 
dfffioult  to  maintain  production  at  a  uniform  rate.  Furthermore, 
it  has  been  reported  that  most  of  the  operator*  ware  foreign 
prisoners  of  war,  whloh  should  have  added  to  the  difficulty  of 
full  oapaoity  operation. 
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Removal  of  the  sodium  chloride  periodically  from  the  first 
stop  in  recovering  the  weak  hydrate  solution  alee  presented  * 
problem.  Excess  sodium  hydroxide  in  the  salt  caused  it  to 
cake  and  deposit  in  the  steam  heater.  Thie  was  alleviated  Of 
the  *.ai»iteu»nce  of  high  liquid  velocities  through  the  tubes  plus 
a  control  of  tho  i.'aOH  concentration  to  less  thv.n  6{5  in  the  weak 
liquor.  Tho  salt  ovaporator  had  to  be  temporarily  chut  down 
every  two  hours  for  wult  removal!  howover,  thia  operation  did 
not  affect  tho  continuous  concentration  or  the  liquor. 

Another  problem  presented  itself  in  the  concentration 
towers,  The  original  distillation  towers  vere  packed  with 
porcelain  flasohig  rings.  However,  after  a  period  of  operation 
the  rings  wore  thin  and  were  completely  dissolved  In  throe  or 
four  months.  Poroelaln  was  observed  to  be  deposited  tvex*y|ihers, 
partloulix.  ly  as  a  coating  on  the  heater  tubes  and,  ocvmeCideutly, 
tho  Basohig  rings  were  replaced  with  stainless  atoel  turnings. 
However,  a  few  days  lator  the  final  concentrating  eoluwo  exploded, 
Subnoquent  investigation  revealed  that  when  the  hydraiiine  hydrate 
vapor  was  paused  over  the  steal  turnings,  hot  spots  ooourred  at 
points,  on  tho  surfuua,  and  douonipONltion  began  which  resulted 
in  the  exp l union.  This  difficulty  vuo  overcome  by  oubotitnting 
statnia/uj  stool  buLl  plates  in  the  bottom  half  of  tho  tower 
where  the  Imlriiaimi  hydrate  concentration  was  tho  higlmut.  A 
slight  ponitive  nitrogen  prsesure  was  also  employed  to  reduce 
the  effect  of  oxygen  explosions. 

Tho  manufacturing  teohniquss  for  tho  pi'oduotioa  of  the 
hydrate  were  not  oompietoly  worked  out  In  that  tho  most  efficient 
operation  was  never  achieved.  Data  used  in  the  design  of  the 
pilot  plant  at  I^vorhUssn  ohowed  chat  the  economical  oboloe  would 
nave  to  he  made  between  the  oonoontratlon  of  hydraslne  hydrate 
in  the  product  liquor  and  the  hydruxlns  yield  based  on  the  raw 
materials. 

In  the  plant  operations,  hydrasins  hydrats  was  concentrated 
from  to  ljff,  then  to  60/  and  then  to  Bo£.  The  plant  could  be 
operated  to  produce  9!#  hydrate.  Figure  1,  page  4,  illustrates 
tho  effect  of  the  hvboohlorito  concentration  on  the  yield  of 
hjrdraxine  hydrate  (l). 

The  defeat  of  Germany  did  not  yield  a  great  d?al  in  the 
way  of  hydrasine  hydrate  production  facilities  or  technicians 
for  tho  Soviet  foroes  slnoe  those  were  not  In  their  son#  of 
oeonpatlon.  However,  this  foot  Is  of  little  real  significance 
slnoe  the  Soviets  had  themselves  Investigated  hydrasins  syntheses 
many  years  prior  to  the  war.  in  1905,  Sohoetukoff  proponed  a 
then  now  synthesis  based  on  the  action  of  hypoohloritea  on 
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urea  (11).  Id  1923,  Futokhln  published,  far  th#  benefit  of 
tho  Soviet  chemist#,  th#  complete  detail#  of  the  R&eohlg  prooeee 
for  the  preparation  of  h/drasine,  It#  salt#  uni  tho  hydrate  (12); 
Judging  from  the  paet  soviet  olein#  for  dinooveriee,  ve  nay  #zp««t 
to  noo  published,  at  com#  future  date,  a  more  ooraplet*  Hit  of 
Snvint  invent lgatore  who  will,  *ju  douht,  by  Soviet  chronology, 
antedate  tho  work  of  Curtlus  (1897)  m  hi#  Isolation  of  hydrasine 
and  I'icoher*#  work  (1873)  with  organ lo  hydreilnea, 

A  recent  review  of  the  Soviet  literature  by  Davie,  Veeeelov- 

•ky  and  Johnston  (6,  7)  ehoved  that,  bused  on  th#  publlehad  work 
available  to  the  Western  world,  there  eeeme  to  be  little  lntereet. 
In  the  thermodynamic  properties  of  hydro  sine.  There  ie  also  a 
la  ole  of  contribution#  to  the  study  0.  dtjootspoeitlop  or  tho 
oxidation  of  hydraaine.  fable  I  above  the  contributions  to  the 
literature  on  tho  klnetloe,  thermodynamic*,  physical  propertiee 
and  u;".nufuoturA  of  hydrasine  us  compiled  by  Davie,  Veeseloveky 
and  John u too  (7), 

It  will  be  noted  that  soviet  oootnlhutlone  number  only 
olnvon  out  of  172  paporo  froi,i  all  oouutrleaj  or  about  el*  peroeut. 
Judging  from  lnfor:\  itlon  reoolvod  from  other  than  colerjtltia 
publication  ohannoln,  they#  data  belle  tho  fact#  of  vlnt  la 
actually  occurring  in  USSR.  And,  In  fact,  wc  can  oocoluOo  that 
the  evidence  of  Soviet  work,  vhother  of  good  or  hurt  quality,  le 
ooaupj.ououa  by  tho  abnenoe  of  the  Soviet  papers,  furthermore, 
relatively  few  of  those  papo.ro  have  been  oboerved  olnoe  19tO, 
Indicating  that)  perhaps  «  high  degree  of  noourlty  le  placed  on 
hydraain#  Investigations .  (8,  9,  10,  11,  12,  13,  14,  13) 

fotnblo  exceptions  to  papers  published  since  1940  are  thoeo 
by  Sis.ilnhin  (6)  on  binary  oyoteraa  of  hydrafline  and  by  Pleukov 
(<},  13)  on  oleotrode  potential#  In  anhydrous  hydrasine,  pieukov 
indicated,  in  1943,  the  pbutilbilifcv  of  discharging  the  aaide  ion 
in  liquid  ammonia  ernl  postulates  the  formation  of  hydrasine  from 
tho  condemnation  of  the  aisldo  radicals  (13).  fio  further  experi¬ 
mental  nvidnnoe  was  preeonted  to  uupport  thle  population. 

At  any  rate,  tho  Soviet*  did  obtain  guantlties  of  hydraslne 
hydrate,  mostly  In  th*  form  of  the  O-fltoff*  rocket  propellant 
blend,  from  flewsm  wnpp  lx  depot a.  fluff Inlont  material  was 
available  to  oondunt  an  adequate  rocket  engine  toot  program 
until  soviet  controlled  production  eould  get  underway. 

ainultaneously,  they  began  a  reorultlug  program  to  obtain 
dorian  engineer#  aud  oheulste  formerly  employed  in  the  deruan 

t’fl'-lfto'ff'r-  3tj<  hydrasino  hydrate,  $6$  methanol,  I3j<  water  plua 
K3C11  (011)4  oatalyet  (approx,  oomp.) 
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hydra sine  plant*.  This  prcgrsa  met  with  little  «««•••  but,  la 
•pita  of  this,  tho  Soviet*  succeeded  la  putting  Into  operation 
la  tha  East  Zodo  of  Germany,  a  bydraslas  hydrate  unit  at  least 
as  largo  a*  the  German  wartime  capacity.  This  plant  1*  reported 
to  h avo  produced  In  excess  of  1C0Q  too*  hydraolae  hydrate  during 
1251*  Planned  production  for  1252  exceed#  K(X>0  tonsj  all  of 
whloh  la  to  be  ehlpped  to  the  USSR.  Such  large  quantities,  coupled 
with  the  laot  that  probably  less  than  one-tenth  of  these  quantities 
could  find  uses  other  than  as  a  rocket  fuel,  suggest  not  only  an 
active  rocket  test  prograa  but  probobly  a  well  planned  stock¬ 
piling  of  this  potential  <*-#1,  purthermore,  it  Is  not  unlikely 
that  the  soviets  oould  dehydrate  the  hydras In#  hydrate  rouelvod 
fron  Oorsiany.  Sufficient  evldenoo  is  at  hand  to  confirm  Soviet 
intoaao  interest  In  the  rocket  airplanes,  ME-163  and  the  DP3-346, 
both  of  whloh  employed  hydrasine  hydrate,  Converulon  of  theoe 
oraft  to  tho  uoo  of  anhydrous  hydrasine,  pluo  an  adequate  freezing 
point  deproaeant,  m,y  bo  tha  soviet  plan. 

Soao  of  the  hydraslno  manufactured  In  Gomnny  In  produced  by 
tha  hydraslno  sulfate  lnterratdlary-absp  followed  by  treatment  with 
sodium  hydroxide.  Analyala  of  tho  oulfube  product  agreed  quite 
volt  with  ohomlottl  handbook  dataj  however,  ti<aterials  represented 
to  bo  tho  finished  hydi'uta  have  co  far  provon  to  bo  only  aorionla 
oolutionn,  probably  tha  raw  material  used  In  tho  proofs.  There 
aro  indications  that  hydraslno.  hydbate  Is  aloo  produced  via  urea 
«ud  hypoahlorlto,  ac  voll  as  from  ammonia  and  hypochlorite  without 
tlio  sulfate  step.  Thoro  are  at  least  throe  plan to  accounted  for 
In  tho  East  Zone  of  Germany  which  ore  reported  to  bo  producing 
hydraslno  hydrato  by  these  prooeasos.  A  duplicate  of  tho  largest 
of  thoso  plants  Is  being  erected  In  the  Ural  mountain  region  of  the 
USSR.  The  exact  looatlon  has  net  yet  been  determined. 

In  summarising,  we  oan  conclude  that  the  Soviets  have  at 
their  disposal  hydraslno  plant  capacity  as  great  or  greater  then 
Germany’s  wartime  capacity;  and  that  those  plants  are  producing 
at  throe  to  four  times  tho  rate  attained  by  Germany  at  tho  end 
of  the  war.  We  can  assume  that,  no  has  been  customary  In  other 
fields  In  uhlah  tho  uovlots.had  much  to  learn  In  a  short  time, 
they  spent  only  limited  time  and  money  on  processes  which  required 
much  research.  Instead  they  concentrated  on  duplicating  known 
production  processes.  As  a  result,  we  find  them  probably  as  far 
along  m  the  hydranlne  field  as  any  nation  of  tho  Western  powers. 
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Anhydrous  hydrasin*  Is  expensive  and  somewhat  difficult  to 
obtain  by  methods  currently  employed.  Hydr*elne  Is  produced 
ohiofly  by  the  Rwaohlg  process,  from  which  it  lo  obtained  In  a  lov- 
oouoeutratlon,  aqueous  solution.  Conventional  distillation  methods 
my  be  uaed  to  concentrate  this  solution  to  the  hydrixlne-veter 
axeotrope  containing  approximately  70  percent  hyrtrAzlna  end  30 
poroont  water  UJ.  Further  conoe.ntrntlon  of  this  Material  Is 
difficult  booauaa  of  the  formation  of  this  maximum-boiling 
hydras iue-vuter  azeotrope.  Several  chemical  dehydrating  processes 
have  boon  currently  used,  but  these  either  employ  reactive  solids 
or  protend  through  the  formation  of  a  precipitate  vhioh  Is 
difficult  to  handle. 

2*pl oratory  work  vaa  undertaken,  therefore,  to  determine  if 
anhydrous  hydraalno  could  be  recovered  from  the  hydrajtine-.ater 
azeotrope  by  addin#  a  third  oo^ponont  and  dlotilllng.  Of  the 
nuRoroua  matoriala  tested  Initially,  aniline  van  the  flret  to  show 
real  promise  no  an  affective  entralner,  and  will  be  uaod  a»  an 
ex&uplo  In  describing  ties  procedure,  Aniline  ie  known  to  form  an 
azeotrope  with  water  containing  81.8  percent  water  and  boiling  at 
98.5°0,  Thla  ia  si  .6°C  lover  than  the  hydrazine -water  azeotrope 
which  boils  at  1S0.1°C. 

The  fix»et  investigative  procedure  consisted  of  the  determina¬ 
tion  of  distillation  ourvee  for  various  mixtures  of  lriteront. 

Theflo  ourvou  were  obtained  from  a  Todd  "Preolae  Fractionation 
Asoomb-ly,''  shown  In  Figure  1. 

The  Todd  fractionating  column  consisted  of  a 
1/2  inch  glass  column  packed  J<S  itjoheu  high 
with  IA6  inch  glass  helices.  The  pot  had  an 
opening  for  a  utandnrd-taporod  thermometer  and 
oiw  for  the  entrance  of  nitrogen.  All  the  vapore 
were  condensed  In  the  column  head  and  the  reflux 
was  varied  by  adjusting  a  valve  on  the  take-off 
line.  Rubber  tubing  from  the  reoeiver  vent  to  a 
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Anhydrous  hydraslne  la  expensive  and  aomevhat  difficult  to 
obtain  by  nathods  currently  employed.  Hydraslna  £3  , produced 
chiefly  by  tha  Haschig  procoss,  from  which.  it  la  obtained  in  a  Iw- 
oonocatration,  aqueous  Dilution.  Conventional  distillation  oathoda 
may  bo  used  to  concentrate  thla  solution  to  tht,  hydraalne-woter 
aisao, trope  containing  approximately  70  percent  hydraslna  and  20 
percent  vatorU/,  Further  concentration  of  this  material  la 
difficult  bocuune  of  tho  formation  of  this  maximum-boiling, 
hyilrasina -vat or  nseotropo.  Several  chemical  dehydrating  prooaaaaa 
have  been  currently  need,  but  these  either  employ  reactive  solids 
or  proceed  thr^tsh  the  fanuatlon  of  a  precipitate  vhloh  la 
difficult  to  handla. 

Exploratory  work  vaa  undertaken,  therefore,  to  determine  If 
anhydrous  hydrualne  could  be  recovered  from  the  hydraclne -water 
GBootrope  by  adding  a  third  component  and  distilling.  Of  the 
numerous  Materials  tested  initially,  anlllno  was  the  firat  to  ahow 
real  promise  aa  an  effective  ontralner.  and  will  be  used  aa  an 
example  In  describing  the  procedure.  Aniline  Is  known  to  form  an 
aeootrope  with  water  containing  81.8  percent  water  and  boiling  at 
90.D°0.  This  in  21.6°0  lower  than  the  hydrasiae -water  aseotrope 
which  hollo  at  1{?0.1°0. 

Tho  first  Investigative  procedure  oonsletod  of  the  determina¬ 
tion  of  distillation  curves  for  varloua  mixtures  of  Interest. 

Those  curves  were  obtained  from  a  Todd  "Precise  Fractionation 
Assembly, "  shown  In  Figure  1. 

The  Todd  fractionating  column  oonslsted  of  a 
1/2  Inch  glass  oolumn  paokod  26  inches  high 
with  lA&  inch  gloss  helloes.  The  pot  had  an 
opening  for  a  standard-tapered  thermometer  and 
one  for  tha  entranoe  of  nitrogen.  All  the  vapors 
were  condensed  In  the  oolumn  head  and  the  reflux 
vas  varied  by  adjusting  a  valve  on  the  teke-off 
line.  Rubber  tubing  from  the  reoelver  vent  to  a 
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FIGURE  I.  TODD  FRACTIONATION  ASSEMBLY  ' 


bubbler  provided  a  nitrogen  seal  and  assured  opera¬ 
tion  under  a  alight  positive  pressure  of  nitrogen, 
vapor  temperatures  vere  neaaured  by  a  thermometer 
in  the  rnflux  head,  The  oolusm  van  shielded  with 
gl<\ sa  and  vaa  heated  vlth  resistance  vires  to 
minimize  heat  lossoa.  Both  the  heat  load  to  the  pot 
and  the  oolufca  heaters  vere  controlled  by  variable 
rests tore. 

Two  hundred  grass  of  material  vaa  used  for  eaoh  run.  A 
reflex  ratio  (total  vapor  to  distillate )  of  5  to  1  vaa  used.  The 
distillate  vaa  oolltoted  la  a  rvoelver  vhloh  vas  ohanr.ed  for  eaoh 
temperature  change,  and  the  samples  vere  velghed  and  analysed. 

A  typical  distillation  ourve  for  the  system  hydruelne-vater- 
u nlll no  is  shovn  in  Figure  S>.  This  shows  that  the  first  material 
to  distill  over  vas  the  anlllns-vater  aaootropo  at  9(3. 5°0-  The 
next  23  grams  came  over  in  the  temperature  range  from  llu-ll8°0. 
Analysis  of  this  fraction  shoved  inoraaaing  contamination  vlth 
hydrazine,  probably  In  the  form  of  the  hydrazine-water  azeotrope. 
Tvloo  during  the  distillation  it  vas  noted  that  tho  temperature 
fell  from  118  to  115°0  for  a  short  time  in  this  region.  After 
this  point,  the  distillate  all  oame  ovjr  at  118.0  to  118. 5°0 
until  all  or  the  hydrazine  and  voter  vere  distilled.  All  oute 
token  in  this  third  temperature  range  except  one  analyzed  more 
than  78  percent  hydrazine,  indicating  that  a  mixture  of  the 
hydrazine -vator  azootropo  (62.8  weight. percent  hydrazine)  and 
anhydrous  hydrazine  vas  ooming  over. 

A  material  balanoe  on  this  experiment  lndioated  that  96 
peroent  of  the  hydrazine,  101  peroant  of  tho  voter,  and  94  peroant 
of  the  aniline  vere  aooounted  for. 

Since  anhydrous  hydrazine  vas  not  obtained  directly  from  dis¬ 
tillations  of  the  type  described  above,  it  vas  thought  advisable 
to  dotorml.no  tho  oxaot  moohanlem  of  the  dlstillatluu  by  follovlng 
the  course  of  the  fraot ionntions  on  a  ternary  diagram.  Some 
degree  of  dehydration  vas  oertalnly  ooourring. 

Figure  3  la  a  plot  of  the  ternary  diagram  of  hydrazlne-vater- 
aniline  showing  the  boiling  temperatures  of  the  pure  compounds 
and  tho  tvo  azeotropes  formed.  An  Inspection  of  this  diagram 
suggests  the  presenoa  of  a  high-temperature  region  connecting  the 
compositions  of  tho  hydrazine -water  azeotrope  and  aniline.  In 
similar  systems,  Ewell  and  Welch'2'  found  the  presence  of  ridges 
In  tho  vapor  and  liquid  surfaces  extending  across  the  diagrams. 
These  ridges  vere  usually  curved  and  formed  a  distillation  barrier, 
but  thoy  could  be  orosssd  from  the  oonoave  side  by  rectification. 
They  oould  not  be  orossed,  hovever,  from  the  convex  aide.  In  the 
region  of  these  ridges  the  vapor  and  liquid  surfaces  vere  rather 
flat,  and  therefore,  they  oould  not  be  represented  by  a  sharp 
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GRAKS  Oi  STILLED 

RGURE  2  RECTIFICATION  DATA  FOR  HYDRAZINE ,  WATER,  AND  ANB.INE 


Jiao.  The  results  from  several  experiments  Ilk**  the  ono  described 
above  indicated  tha  presenoe  of  auoh  a  ridge  In  thle  system, 
extending  from  tho  composition  of  the  hydrazine-vater  aaaotropa 
to  the  composition  of  aniline. 


\ 

\ 


in  Figure  2,  linea  have  bean  dravn  oonnaotlng  tha  invariant 
compositions  of  the  azeotropes  together  with  tha  ridga  area.  Theee 
divide  the  diagram  into  three  areaa.  Any  ternary  mixture  lying 
in  Area  I,  vhere  hydraaine,  tha  hydraalne-vater  ueeotropa,  and 
nnllir.4  ore  In  equilibrium  vlll,  vhen  fraotiooated,  give  pura 
hydrazine  In  the  firat  overhead  vapora.  This  is  because  hydra sine 
la  tho  most  volatile  oompouent  in  this  particular  ternary  mixture. 

A  mixturo  with  a  eompoaition  falling  in  Area  11  vill  give  the  anlllae- 
vator  tuseotrope  aa  the  first  fraotion,  and  llkevlae  a  mixture  vlth 
a  eo.vspoult.lon  lying  in  Area  111  vlll  give  tha  anil ins -water 
ar.'ctropo  in  the  firat  fraotion.  A  mixture  vlth  a  oompoaltlon 
falling  on  the  ridge,  vhere  aniline  and  tha  hydra sine -vat or  aieo- 
trope  may  be  said  to  be  In  equilibrium,  vlll  yield  tha  hydras ine- 
vfttor  azeotrope  firat,  vhan  fraotionatad. 

The  course  of  tha  above -deaoribed  distillation  vat  followed  on 
tha  diagram  In  Figure  2  by  oaleulatlng  and  plotting  the  pot  composi¬ 
tions  throughout  the  experiment.  Assuming  that  there  is  a  ridge 
in  tho  vapor  and  liquid  surfaces  of  this  system,  tho  meohanlam  of 
the  distillation  may  be  explained  aa  follows , 


Tho  original  oompoaltlon  lies  in  Area  XX,  and  the  first 
material  to  distill  over  should  be  the  J.ovoet  bolllngi  that  la,  tha 
anlliuo-vater  aaeotrope,  Inspection  of  tha  distillation  ourvo 
shows  that  this  vas  the  oAse,  Aa  long  aa  the  pure  anlllne-vater 
azeotrope  vas  o owing  over,  the  composition  of  the  pot  shifted 
rootlllnoarly  In  the  opposite  direction.  After  a  fev  grama  of 
thin  material  was  distilled  over,  the  overhead  vapor  temperature 
star tod  to  rise  rapidly,  indicating  a  change  In  eompoaition.  The 
composition  of  the  pot  at  thle  time  is  shown  by  Point  5.  Thera 
ima  uo  hydrazine  present  in  this  fraotion.  The  composition  of  the 
pot  was  calculated  by  subtracting  the  weight  of  aniline  and  water 
in  tills  fraotion  from  the  original  pot  composition,  and  a  new 
oompoaltlon  of  tha  pot  vaa  calculated,  all  on  a  weight  paroont 
basic.  Tho  next  threo  fractions  showed  Increasing  amounts  of 
hydra.", ine  by  analysis.  and  oauo  over  In  a  fluctuating  temperature 
r&ngo  olouo  to  tho  boiling  point  of  the  hydrasine-water  azeotrope. 
Tho  pot  compositions  at  the  end  of  these  frnotlons  were  still  In 
Area  Cl  on  the  diagram,  as  indicated  by  the  presence  of  aniline  in 
the  distillate.  Whon  the  composition  of  the  pot  reached  Point  9* 
it  approaohed  the  ridge  area,  vhere  aniline  and  the  hydrazine -era ter 
azeotrope  vere  in  equilibrium.  Since  the  hydraaine -va tar  aaeotrope 
vas  the  lover  boiling  of  tha  tvo,  it  appeared  In  the  vapora.  This 
is  ahovn  by  the  overhead  vapor  temperature  of  116°0.  While  thia 
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(  material  was  distilling,  the  pot  compoaifcion  shifted  reotlllnearly 
In  the  opposite  direction  until  its  composition  moved  off  tho  ridge 
Into  the  area  where  again  the  aniline -water  azeotrope  was  the 
lowest  boiling  component.  After  a  small  amount  of  ths  anlllne- 
vator  azeotrope  came  over,  the  pot  composition  moved  baok  upon  the 
ridge,  and  tho  hydru  sine  -water  auootropo  again  appeared  in  the 
overhead  vapors.  This  atepwlao  ahlftlng  of  distillate  composition 
continued  until  the  ridge  vas  orosmed.  The  crossing  evidently 
occurred  shortly  after  the  ond  of  the  fifth  out.  The  pot  opposi¬ 
tion  at  this  time  is  plotted  as  Point  8, 

As  stated  earlier,  a  ridge  of  thia  type  ean  ho  crossed  only 
from  the  oonoavo  aids.  Cnee  the  ridge  is  orossod,  it  is  impossible 
to  shift  the  composition  baok  into  Aroa  II.  The  pot  cosipooltica 
arrives  in  Avon  I,  vhore  anhydrous  hydrazine  is  the  lowest  boiling 
material  vhloh  oen  distill,  The  pot  composition  at  Point  8  la 
nearly  across  the  ridge.  Hydrosino -water  azeotrope  dlotlllod  until 
the  pot  compositions  chifted  into  Area  I,  an  shown  in  Figure  3, 

As  soon  an  tho  pot  composition  arrived  in  Area  I,  anhydrous  hydva- 
alnw  appeared  in  the  distillate.  This  material  continued  to 
distill  until  the  pot  composition  shifted  buck  to  the  ridge,  where 
the  hydrazine -water  azeotrope  started  owning  over  again.  Thun, 
the  ooupse  of  tho  distillation  from  this  point  to  tho  end  oeeued 
to  ooour  in  infinite  'v*l  stope  owing  to  this  chitting  of  the 
dlntillate  oompooition,  until  all  the  hydrazine  and  water  had  been 
removed. 

Tha  temperature  of  the  overhead  vapors  that  oaaie  off  after 
the  ridge  vaa  crossed  van  in  the  U8.-ll8,5°0  range,  showing  that 
some  of  the  hydra  a  lno -vat  or  azeotrope  was  prenent.  The  composited 
dlotlllabo  contained  muoh  more  hydrazine  than  the  azootropio 
composition,  however,  no  that  the  azeotrope  had  been  "broken." 

E-og&tion  of  the  nidge 

Optimum  rooov.or.lus  of  high-purity  hydrazine  depended  upon  the 
loontlon  of  the  ridge  and  ridge  boundary.  To  find  this  quantitative¬ 
ly.  novural  distillation  experiments  vere  made  in  the  Todd  oolumn 
with  varying  amounts  of  hydrazine,  water,  and  uniline.  These  are 
shown  In  Figure  4. 

The  straight  line  between  the  oompositlons  of  aniline  and  the 
hydrazine -water  azeotrope  represents  ail  possible  ternary  mixtures 
obtainable  by  adding  aniline  to  the  azeotrope.  This  line  is 
a ailed  the  "anilino  addition  lino"  in  Figure  4.  In  this  figure, 
the  ridge  area  is  wide  at  low  aniline  oonoentratlcns.  This  area 
oould  bo  narrowed  by  using  higher  reflux  ratios.  At  any  reason¬ 
able  reflux  ratio,  however,  there  vould  be  a  wide  area  «t  low 
anilino  oonoeatratloas  whloh  would  aot  as  an  effective  distilla¬ 
tion  barrier. 
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At  lov  aniline  oonoent ration*.  the  "tall In*  Addition  llu" 
vat  la  aid*  tho  ridge  im<  Onder  these  condition*,  »n  llttlo 
water  oould  too  removed  before  tho  distillate  beooas  oontanlnated 
with  hydmolne.  At  high  aniline  ooaoeatrt.tlano,  however,  both  tho 
ridge  and  tho  ridge  boundary  worn  ooao  dlotanoo  from  tho  "aniline 
addition  lino,  Slnoo  tho  prlanry  objeotlve  wai  to  renovo  wo tor, 
tho  optlaua  recovery  of  anhydrous  hydraslne  would  bo  obtained  by 
dlotilllng  a  ohargo  farthest  roaovod  froa  tho  rldgo  boundary. 

This  would  bo  a  ohargo  that  would  probably  nontaln  aoro  than  6C 
poroont  anlllno. 

Apparently  It  wao  not  going  to  bo  pooolblo  In  thlo  oyotoa  to 
roaovo  all  tho  wator  boforo  tho  doolrod  product,  anhydrouo  hydra- 
alno,  bo  can  to  appear  In  tho  dlotlllavo.  Thlo  noant  that  a  oortaln 
aaount  of  recycling  of  aatorlala  wao  going  to  bo  nooooaary.  It 
wao.  therefore,  Important  to  find  out  to  what  oxtont  tho  oyotoa 
oould  b#  dehydrated  before  rooyollng  booaae  nooooiary.  Zn  othor 
words,  how  auoh  of  tho  wator  oan  bo  roaovod  froa  tho  oyotoa  before 
anhydrous  hydraslne  appears  in  tho  distillate? 

Table  1  shows  tho  aaount  of  wator  roaovod  in  tho  first  fraction 
for  different  oonoentratlons  of  anlllno  A  anxlaua  of  about  66 
peruont  of  tho  wntor  la  tho  hydraiino -water  aaootropo  oould  bo 
roaovod  in  a  eoluan  as  sfflolont  as  tho  Todd  ooluan  used,  with 
anlllno  ao  tho  oatralnor.  Thlo  aoano  that,  If  tho  enriched 
hydraslne  oould  be  separated  froa  tho  oatralnor  and  rodl stilled, 
opproxlnately  68  poroont  of  tho  original  hydraslne  oould  bo  re- 
oovorod  no  anhydrous  aatorlal .  Tho  balanoo  would  have  to  bo 
rooyolod. 

smuiiim  Sit  aiatea 

Xn  ardor  to  find  a  aoro  offlolont  oatralnor,  a  literature 
survey  was  node  of  813  ooapoundi  that  vere  known  to  fora  aiootropoo 
with  water.  On  tho  basis  of  tho  results  of  work  with  anlllno, 
bontono,  ethyloaodlaalae,  ohlorobonaono,  sad  toluene,  It  was 
possible  to  aooopt  or  reject  aatorlal o  aooordlan  to  their  belling 
points  and  tho  asootropoo  they  foraod.  figure  5  shows  ooao  of  the 
oystoao  studied  experimentally ,  Systeas  which  fora  oaddle-polat 
aiootropoo  with  ooapoeltlono  falling  near  tho  oatralnor  addition 
lino  would  not  aake  good  ontralnoro.  Hero  tho  aqueous  distillate 
would  have  a  oeooldorablo  aaount  of  hydraiino  In  it  --  usually 
near  70  poroont,  gthyloaodlaalno  would  not  bo  useful.  The  probiea 
of  reaovlng  water  froa  the  ethylonedlnalne-vator  aaeotrope,  to 
pvralt  rouse  of  tho  othyloaodlaalno,  would  bo  no  difficult  as 
removing  the  wator  froa  tho  hydraiino -water  niootropo  In  tho  firot 
place.  A  number  of  potroloua-dletlllato  fraotlono  wore  also 
studied .  In  general,  they  gave  poor  effioleaoy  booauso  of  tho 
location  of  the  tomary  oaddlopoint  asootropo  whloh  always  formed. 


TABLE  1 


QUAJTTITT  OF  WATER  REMOVED  FROM  HYDRAZ IKE -WATER 
AZ&O’tm*  BY  A55BOTROPJO  DIS?tLLA»IOH  WITH 
INDICATED  ANILINE  CONCENTRATIONS 


Amount  of  Aiiilia* 

U*«d  a*  an  Entrain**, 

Pore* at 

Vat«r  Removal  a*  th* 
Anilln»-W*t*r  AeeoWop*, 
Peratat 

90 

0-12 

80 

*8-61 

70 

60-68 

60 

57-(5l 

85 


M 


MINIMUM 

TER  r 


OTROPE 


ANILINE  itiita  ENfRAINER  HIGHER 
ANILINE  1044  C.  gQ||jfj(ji  FORMS  A  MINIMUM 

A  AZEOTROPE  WITH  WATER - 

/\  EXAMPLE' ANILINE 


ETHYLENED'AMINE 
BP.  116.  S*C. 


ENTRAINLR  INTERMEDIATE 
BOILING'  FORMS  A  MAXIMUM 
AZEOTROPE  WITH  WATER- 
EXAMPLE  '  ETHYL!  NEOIAMINE 


ETHYLENE  DIAMINE- 
WATER  AZEOTROPE  j 
BP  118,5  X.  / 


EOTROPE  A 


SADDLE  POINT 


AZEOTROPE 


Oa  ths  basis  of  this  survey,  it  vis  conoluued  that  compound* 
with  physical  properties  similar  to  aniline  were  the  only  suitable 
materials  for  entrain* rt ,  If  the  ridge  la  the  vapor  and  liquid 
eurfaoes  le  far  removed  from  the  entrain er  addition  line,  the 
formation  of  a  eaddlepolnt  aieotrope  vould  not  be  objectionable. 

No  substances  of  this  sort  ver*  found  in  the  search. 

jaaaiii 

To  obtain  more  precis*  and  larger-soal*  results  than  vas 
possible  in  the  Todd  column,  a  tvo-inch  column  was  built  to  study 
the  entire  prooess.  Figure  6  le  an  illustration  of  the  tvo-laoh  ool- 

UOtte 

This  oolumn  vas  paoksd  3?  inches  vlth  l/t-lnoh 
glass  Ranohig  rings.  Thsre  vsrs  thermocouple  veils 
equally  spaced  in  the  packed  section.  Opposite 
eaoh  thermocouple  veil  vas  an  opening  vhioh  could 
be  used  either  for  the  entrance  of  feed  or  as  a 
sampling  port.  The  reflux  head  vas  designed  to 
split  the  overhead  vapors  into  reflux  ana  produot 
in  tho  vapor  phase,  An  orifioe  in  the  product 
line  maintained  a  9  to  1  reflux  ratio  (total  vapor 
to  dlutillate)  vhioh  v&a  vary  nearly  ladspondent  of 
the  boil -up  rat*.  The  insulation  on  the  oolumn  vae 
heated  vlth  resistance  windings  to  reduo*  the  heat 
losses.  The  still  pot  vae  a  5-liter,  3-neoked  flask 
fitted  vlth  a  thewoocupl*  veil  and  a  nitrogen  inlet. 

For  oontinuoue  operation*,  an  opening  in  the  eld* 
of  the  flask  provided  for  gravity  flov  out  of  the 
pot.  The  feed  flowed  to  the  oolumn  from  a  storage 
tank  through  a  rotameter  and  a  heater  vhioh  vae 
made  of  ataiolesa  steel  tubing  wrapped  vlth  re¬ 
sistance  wire,  K  10-polnt  Micromax  (Leeds  and 
Northrup)  rcoorder  measured  and  recorded  tempera¬ 
tures  throughout  the  system, 

dome  of  the  earlier  results  were  checked  vlth  greater  pre- 
oleion  in  this  column.  In  a  continuous  operation,  throe  columns 
vould  be  required  for  the  follovlng  atepsi 

1.  Removal  of  60  to  70  percent  of  the  water  as  the 
anillna-vater  useotrop*. 

2.  Separation  of  the  resulting  snriohed  hydrasln* 
solution  from  the  entreinsr. 

3.  The  distillation  of  anhydrous  hydrasln*  from 
the  snriohed  hydraslne  solution. 


FIGURE  6.  TFE  2- INCH  DISTILLING  COLUMN 
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Each  step  In  this  process  vas  performed  both  batohvlse  and  con¬ 
tinuously  In  the  2 -inch  ooluon.  In  batohvlse  experiments!  3tsp  2 
vas  actually  a  continuation  of  Step  l  but,  in  contlnuoun  operation, 
it  hod  to  bo  carrlod  out  separately.  Three  continuous  distilla¬ 
tions  vere  made  on  the  first,  or  water-removal  step.  Tho  fraotion 
of  the  total  water  removed  In  these  experlsMnta  vas  65,  7*,  and 
67  psroent.  The  7*  peroent  figure  bay  be  somewhat,  high  because  of 
difficulty  in  adjusting  tho  rate  of  food  at  tho  baginning  of  one 
experiment.  The  bottoms  from  Step  1  vere  fed  continuously  to 
Step  2,  where  tho  overhead  analysed  87 .3  peroent  hydraiine.  This 
overhead  was  fed  continuously  to  Step  3,  vhero  it  was  din tilled  to 
mnove  anhydrous  hydrofine  overhead.  Over  500  grama  of  material 
analysing  39,9  poroont  hydraiine  was  produced  in  this  series  of 
experiments.  The  same  oolumn,  incidentally,  waa  uood  in  all  three 
eteps.  The  intermediate  products  vere  stored  and  used  as  feed  for 
the  oubucqunnt  steps.  All  hydraslne  analyses  vere  mode  by  the-, 
method  of  lodats  titration  described  by  Pennsaan  and  Audrlothl''/, 

Figure  7  is  a  lino  droving  of  a  pilot  plent  distillation  for 
carrying  out  this  distillation  process.  Tho  food  to  Column  1 
contains  20  percent  of  the  hydraslne -water  aseotrope  and  80  peroent 
nulllno.  (Possibly  70  peroent  aniline  would  give  better  rosulta.) 
All  the  aniline  charged  is  reoyoled,  except  a  small  quantity  loat 
because  of  its  solubility  in  water.  The  first  column  removed 
about  60  percent  of  tho  water  charged  to  the  oolumn,  as  overhead 
in  the  fora  of  the  aniline -v&tor  »- jotrope.  This  It  a  conservative 
estimate,  since  a  larger  fraction  of  water  haa  been  removed 
experimentally.  The  water  is  separated  from  tho  aniline  In  a 

Sh*se  eepar&tor  and  dlsoarded.  The  aniline  is  reoyoled.  The 
alanoe  or  the  hydraslne,  voter,  and  aniline  la  taken  off  aa  bottom* 
and  ohnrged  to  Oolumn  2,  This  oolumn  separatee  the  ontralner 
(anlllno)  from  tho  85.4  percent  aqueous  hydraslne  solution.  Tho 
hydraslne  solution  is  taken  overhead,  and  the  aniline  bottoms  are 
rooyolod  to  make  up  part  of  the  feed  to  the  first  column.  The 
onriohed  hydraslno  solution  from  the  second  column  la  fed  to 
Oolumn  5,  where  it  is  separated  into  anhydrous  hydraslne  ae  over¬ 
head  and  the  hydraslne -water  aseotrope  aa  bottoms.  Tho  bottoms, 
which  contain  about  40  peroent  of  the  hydraslne  feed  to  thi  flret 
oolumn,  era  reoyoled. 

Estimated  steam  ooata  for  thesa  three  distillations  were  cal¬ 
culated  to  be  less  than  one  oent  per  pound  of  anhydroua  hydraslne 
produced.  Thoao  calculations  vere  based  on  a  steam  oost  of  60 
oents  per  1000  pounds  of  steam,  a  reflux  ratio  of  5  to  1  in  all 
columns,  aud  GO  peroent  water  removal  in  the  first  oolumn.  Sislng 
the  columns  end  determination  of  the  optimum  reflux  ration  and 
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nusfeer  of  platoa  fop  a  ooaoaroial  Installation  is  beyond  ths  soope 
of  this  paper.  It  requires  datalltd  knowledge  of  the  sapor-liquid 
aquilibrla  in  tha  tornary  system  hydrazlne-vater-anlllne,  for  ono 
thing.  This  ve  have  determined,  and  It  la  tha  subject  of  auothap 
paper  nov  in  preparation, 

A  patent  hat  bean  applied  for  on  this  method  of  dehydrating 
hydrazine  solutions  to  ppoduoe  anhydrous  hydraslne. 

This  research  vas  sponsored  by  the  Mathleson  Chemical  Corpora¬ 
tion  at  Battalia  Memorial  Institute,  the  authors  vlsh  to  thank 
theu  for  their  permission  to  present  the  reeulta  at  this  meeting, 
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HYDRA;'.  I  NS  VKOH  THE  solvolysis  op  bbmicabbazide 

•  ‘by 

Osorg#  V.  vatt  mo  Joseph  D.  Cbrisp 
Department  of  Oheatttry,  Ths  University  o f  Tixn 

Presented  by  Nr.  Joseph  D.  Chrisp  \ 


The  formation  of  hydraslne  In  substantially  quantitative 
yield  by  the  aold  hydrolysis  of  lealearbaslds  lias  boon  rsportsd 
by  Harlayl1'  and  ths  hydrolysis  in  baslo  media  has  been  suggested 
as  a  possible  basis  for  the  development  of  a  prastloal  prooess 
for  tne  production  of  hydraslne!3'.  The  formation  of  hydraslne 
sulfate  by  the  hydrolysis  of  semlearbaslde  vlth  dilute  sulfurlo 
aoldl3)  followed  by  AMonolysls  of  the  resultant  salt  vlth  liquid 
ammonia'*'  appears  to  provide  a  route  to  substantially  anhydrous 
hydraslne  that  is  worthy  of  further  study, 

The  production  of  hydraslne  by  a  closed  oyule  prooess  based 
upon  the  ammonolyeie  of  seuloerbaslde  by  means  of  liquid  ammonia 
has  been  oonolderedt->'  as  a  possibly  praotinal  method  but  there 
Is  no  evidence  that  the  reactions  In  question  have  been  studied 
at  all  thoroughly.  In  this  case,  the  separation  of  the  hydraslne 
would  be  followed  by  reoyollng  the  urea  to  the  veil  known  steps 
required  to  produae  sealaarbaslde. 

The  klnetlos  of  the  reactions  Involved  In  both  the  hydroly¬ 
sis  and  ammonolysls  of  somlaarbaslde  are  currently  under  Investi¬ 
gation  in  our  laboratories.  The  present  paper  lnoludee  only  an  . 
aooount  of  preliminary  stud leu;  work  on  the  problem  ae  a  whole 
Is  far  from  complete. 

EXPERIMENTAL 

Pyrolysis  of  flemlaerbaslde.  since  eomo  of  the  temporaturee 
anticipated  for  us#  in  the  study  of  ths  solvolysis  of  semloar- 
baslde  (m.p. ,  96°)  wore  considerably  above  the  malting  point  of 
this  starting  material.  It  seemed  worthwhile  at  the  outset  to 
determine  whether  hydraslne  results  from  the  pyrolysis  of  eeml- 
oarbaslde  oif  its  hydrophlorids  under  anhydrous  conditions. 
Aooordlngly,  dry  samloarbailda  Hydrochloride  was  heeted  In  a 
sealed  tube  at  lo3°  for  13  hrs.i  hydraslne  vas  not  produced. 

The  earns  results  ware  obtained  when  mixtures  comprising  one 
mole  of  seuloarbaslde  and  two  moles  of  ammonium  chloride  were 
treated  elmllarly.  (It  has  been  observed  elsewhere!*'  that 
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hydraslne  (Joe*  not  result  f rom  the  thermal  decomposition  of 
eeolearbesldo  hydrochloride  at  260°.}  When  dry  eemlcarbaslde 
vae  hoated  for  13  hra.  at  103d,  a  3-4  percent  yield  of  hydraalne 
resulted. 


sis  of  Somloa 


these  react ions  wore  oarr 


do.  Unless  otherwise  Indicated, 
by  refluxing  3.0  g.  of  seal- 


oarbaslde  hydrochloride  in  a  known  volume  of  olthar  3  or  6M 
aulfurlo  Mold  for  tho  reflux  times  shown  In  Table  1,  There¬ 
after,  the  reaotton  mixtures  were  oooled,  hydraalne  was  separated 
by  eryetallisutlon  as  tbs  sulfate,  and  this  was  washed  with 
ethanol,  dried  at  140°,  and  weighed. Yields  were  determined 
both  by  a  speotrophotouetrlc  method W  for  total  hydraslne  formed 
and  In  terms  of  the  wolght  of  hydraslne  sulfate  laolntodj  the 
tvo  methods  gavs  rosults  that  wers  in  good  agreement. 


Table  1 


Effect  of  Tims' and  Aold  Qonoentratlon 
upon  t  noifytfrh'l'ya  i  jj'of  Boinicarbas  lae 


Hydraslne  Vioid  (poroouliT'as  a  "THjft ctlon  of 

_ Volume  and  Molarity  of  3ulfurlo  Ae Id  Used 

Reflux  jM  om 

Time  - - - 3 - 


15  ml. 

30  ml, 

15.nl. _ 

20  mlj. 

0.25* 

> 

49 

.5 

27 

3° 

76 

91 

.75 

98 

1.0 

49 

34 

99 

4.0 

93 

99 

i 

•Reaction  vneaol  was  oooled  in  loe  water  at  end  of  reflux 
time. 


Aamonolyale  of  Semlcnrbaslde.  The  experimental  methods 
employed  In  this  oaoe  were  eanentlelly  the  name  as  those  that 
have  been  deacrlbed  in  conpeatlon  with  the  study  of  ths  Inter¬ 
action  of  uroa  and  amaonia'fj,  All  ammonolysls  reactions  wsre 
carried  out  under  atrlotly  anhydrous  conditions.  In  a  typical 
case,  1.4  g.  of  sealoarbaslde  hydroohlorlds  and  sufficient 
liquid  ammonia  (oa.  I  mole)  to  give  a  total  solution  volume  of 
2$  ml.  at  -70°  ware  plaoed  In  a  glass  tube  which  was  subsequently 
sealed  and  heated  In  an  autoclave  at  a  known  temperature  for  * 
predetermined  period  of  time.  At  the  end  of  the  run,  the  ammonia 
was  evaporated,  the  residual  produets  were  dissolved  In  water, 
and  hydraslne  was  determined  speotrophotometrleally, 
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Exploratory  experiments  on  the  effect  of  time  end  tempera¬ 
ture  upon  the  ylold  of  hydras tne  showed  that  hydrailno  la  not 
foraol  after  30  hrs.  at  2f>-.30° ,  a  15  percent  yield  results  after 
13  Jirs.  at  75".  31*  percent  after  13  hm,  at  SO0,  43  percent,  after 
13  lira,  at  105°,  and  44  percent  after  24  hrs.  at  the  samo  tempera¬ 
ture,  Using  the  froo  base  rather  than  the  hydrochloride  as. the 
starting  material,  heating  for  13  hr*,  at  105°  gave  a  37  peroent 
yield  of  hydratlne.  Date  relating  to  hydraelne  yield  as  a 
function  of  time,  toaporaturo .  and  ammonium  chloride  concentra¬ 
tion  are  given  In  'fable  ?. 

The  effect  of  added  salts  other  than  ammonium  chloride  was 
studied  briefly!  the  resulting  data  are  given  in  Table  3, 

Attention  is  called  to  the  fact  that  in  these  runs,  NM4CI  was 
also  present  to  the  extent  of  1  mole  per  mnlo  of  sexloarbaxlde. 

DI3.1033I01T 

The  preliminary  experiments  on  the  thermal  decomposition 
of  aemlcnrbasidft  hydronhlorido  at  105°  chow  that  hydrazine  Is 
not  formed  undor  thoao  conditions.  Honor,  hydrazine  produced 
in  tno  subsequent  experiments  must  bo  attributable  to  solv.olysls'  . 
rather  than  slmplo  thermal  decomposition. 

Optimum  conditions  for  tlia  quantitative  hydrolysis  of 
semlcarbazlde  to  hydrazine,  ammonia  and  carbon  dioxide  appear 
to  mvolvo  refluxing  for  one  hour  with  6M  sulfurlo  add  (io 
ml./g.  of  CHgON-jCl) «  This  reaction  yields  purs  hydrazine  sulfate. 
Although  data  on  tho  ammonolyols  of  this  product  to  yield 
hydrazine  and  ammonium  sulfate  aro  not  sufficiently  extensive  for 
inoluslon  hero,  the  work  that  has  boon  douo  thus  far  indicates 
that  this  reaction  will  probably  provide  a  nearly  quantitative 
yield  of  substantially  anhydrous  hydraalne. 

The  work  on  the  amwonolysls  of  semloarbailde  hydrochloride' 
la  obviously  Incomplete;  further  experiments  are  In  progress. 

It  appears,  hoi/over,  that  at  105°  there  results  either  an  equili¬ 
brium  tho  products  of  vhioh  are  hydraslno,  urea,  and  unchanged 
aemloarbazlde,  or  tho  formation  of  hydrazine  together  with  another 
produot  that  is  not  subsequently  convertible  to  hydrazine,  either 
In  the  prosenoo  or  absenoe  of  ammonium  salts.  The  data  of  Tables 
2  and  3  show  that  ths  roactlon  is  influsnoed  little,  If  indeed 
at  all,  by  the  presence  of  appreciable  concentrations  of  ammonium 
salts  or  sodium  ohlorlde. 


This  v.  -k  Is  supported  by  the  0.  8.  Navy  Bureau  of  Ordnance, 
Contraot  HU.  s-67363. 
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Effeot  of  Tiae,  Temperature,  and  Awuoniua  Chloride 
Concentration  upon  the  Yield  of  Hydra* ino  from  the 
Aaaonolyeis  of  Scmlcarbaside  vith  Liquid  Araoni*  at  105  0. 


a  Inaludeal  note  of  NH4CI  arieing  from  use  of  ■  raio'a.rbaside  be 
the  hydroohlorlde. 


{ 


TABLE  3 

Effect  of  Added  Salts  up^n  the  Yield  of 
Hydrassino  fron  the  JUaronolysls  of  Swilcarb&tldo 
vith  Liquid  Attwobin  for  13  hr».  bp  105°C. 


Added  Salt 

Formula 

floTeu/EoIe 

OIl60H3ni 

Kgto;  Yield 
(oeroenl; ) 

HH4OI 

3 

48 

mTi.Br 

X 

53 

Had 

5 

46 

HHijHOj 

2 

43 

(HH4)2S04 

5 

52 

3* 

(1)  V.  Harlay,  3.  Ffc&ra.  Cftlw.,  (8),  23.)  199  ( i-93^ ) • 

(2)  "Hydraslne  Study  for  tlavy  Department,  Bureau  of  Aeronautics, 
The  Ralph  M.  Parsons  Co.,  Loa  Angeles,  California,  Revlsod 
Report,  October  10,  1950,  page  63. 

(3}  J.  P.  Ploard  and  K,  F.  Kolretead,  o.A.R.D.B.  Report  Ro. 
276/51. 

(4)  A.  V,  Brevne  and  T.  V.  B.  Welsh,  J,  Aa.  Ohsa,  Soo.,  33* 

17?3  {19U)j  of.  reference  2,  pago/13. 

(5)  W.  K.  zahray,  T.  H.  Hay,  and  K.  Schwarts ,  Bdval  laboratories 
Inc.,  Roport  Hs>.  44194. 

(5)  a.  W.  Watt  and  J,  D.  Chriap,  Anal.  Ohea.,  24,  2006  (1952). 
(7)  0.  V.  Watt  and  R.  0.  Post,  Xnd.  Eng.  Cham.,  In  Press. 
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THE  PHOTOLYSIS  OP  AMMONIA  AT  1849  A  IN  A  PLOW  SYSTEM* 

0.  C.  McDonald.  A.  Kahn  and  H.  R,  Qunnlng 
Department  of  Chemlatry 
Illinois  institute  of  Technology. 

Presents  by  H.  E.  Gunning 


6ssmsi 

An  investigation  has  been  made  of  the  photolyale  of  ammonia 
at  1849  A  In  a  flow  system  at  room  temperature,  Tho  products 
of  the  reaction  vers  found  to  be  hydras  ine,  hydrogen  and  nitrogen, 
Tho  rate  of  decomposition  of  ammonia  was  Independent  of  the 
linear  flow  rate,  but  depended  upon  tho  ammonia  pressure  in  the 
reaotlon  sots.  Tho  fraction  of  ammonia  decomposed  which  was 
reuovered  as  hydrasine,  while  Independent  of  ammonia  pressure. 
Increased  markedly  with  Increasing  linear  flow  rate  from  isoro 
In  the  static  system  to  0.84  at  a  linear  flow  rate  of  1750  om/seo. 

It  van  found  that  the  Quantum  yield  of  ammonia  consumption 
under  flow  conditions  wan  consistently  higher  by  a  factor  of 
approximately  two  than  for  the  statin  conn  it lone  at  the  earn# 
pressures. 

A  separate  system  was  used, to  determine  the  extinction 
coefficient  of  ammonia  at  1849  A  over  the  pressure  range  of  . 
the  experiments,  Tho  value  obtained  was  l.SlxlO3  Utera-mole"1 
cm"*. 

A  mechanism  has  been  proposed  which  Is  in  Qualitative  agree¬ 
ment  with  the  observed  faots. 


The  photolysln  of  ammonia  has  boon  extensively  Investigated 
In  statlo  systems,  under  yhUh  conditions  the  final  products 
are  nitrogen  and  hydrogen1.  It  Is  gensrally  agrssd  that  the 
primary  prooees  Involves  the  formation  of  an  amino  radical  and 
a  hydrogan  aiom.  The  subsequent  elementary  reactions  leading  to 
the  formation  of  stable  products  are  apparently  partially 


•This  work  was  supported  by  Contracts  N7-opr-329o8,  N7-onr-329  • 
Task  Order  3,  and  N7-onr~329i2,  with  the  Office  of  Naval  Research 
0.  B.  Navy. 
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hotorogonoo'  ;  u  i  iat,  despite  many  excellent  studies  sad  a  on 
the  static  '.la,  a  definitive  raaotlon  mechanism  lies  not 

been  establ*. 

Differences  In  the  final  product*  under  flov  condition* 
vero  found  by  Gedya  and  JUdeal2,  They  obtained  ldant If labia 
quantities  of  hydraxln*  as  a  third  product  In  the  flov  ayatea. 
Other  investigators  have  alao  reported  small  or  traoe  quantities 
of  a  reducing  substanoo,  praauaabla  hydraalne,  for  the  flov 
photolysis? »*. 

Tlia  present  Investigation  vas  undertaken  in  the  hope  that 
some  additional  Insight  could  be  obtained  Into  the  mechanism 
of  the  reaction  by  a  systematic  study  under  flov  conditions. 

The  uhorter  wavelength  resonance  line  of  maroury,  at  184$  %, 
v&s  ohosen  for  the  photolysis  since  it  falls  within  the  regioi 
of  maximum  absorption  for  ammonia1'.  Ip  viev  of  the  foot  that 
no  previous  photoohemloal  studios  have  been  made  on  ammonia  at 
this  wavelength,  It  was  neoessary  to  measure  the  extlnotlon 
ooeffloient  of  ammonia  at  184?  a.  in  addition,  data  on  the 
static  reaction,  for  comparison  purposes,  have  been  obtained. 

The  details  of  the  Investigation  follow. 

A|paratuj^for  Measuring  the  Extlnotlon  coefficient  of  Ammonia 

For  these  ueaauveuente  an  Independent  meroury-froe  hlgh- 
vaouum  system  was  used.  The  light  souroa  was  a  Eanovla  "Biooter- 
ltron"  nu'rouvy-ln~quarta  resonanoe  dleohnrge,  operated  by  a 
Sola  neon  sign  transformer  with  a  3000  volt,  30  Ma  secondary, 
ooupled  with  a  Sola  oonstant  voltage  transformer.  Two  absorption 
oells  were  used,  a  Hanovia  Blosterltron  cell,  with  path  length 
of  0.02  >0,003  cm.,  end  in  Amlnoo  precision  quarts  absorption 
oell,  style  If,  olaae  3/  with  a  path  length  of  1.0002  +  0.0005  cm. 
A  Weetinghouee  VL789  platinum  cathode  phototube,  which  above 
no  response  above  2100  A,  vas  ussd  to  measure  ths  intensity  at 
1849  A.  The  minute  current a  from  the  phototube  vere  conveniently 
measured  with  a  Beckman  Ultrohneter,  Satlefaotory  oolllmatlon 
was  obtained  by  interposing  sets  of  apertures  between  the  lamp 
and  oell,  at»d  between  the  oell  and  phototube.  The  iamp-cell- 
phototube  assembly  vaa  rigidly  mounted  within  a  br&as  box, 
blaokenod  on  the  Inalde  with  Kodaooat.  During  the  measurements 
nitrogen  vas  passed  through  tne  box  to  eliminate  absorption  of 
tbo  1849  A  radiation  by  oxygen  in  the  optical  path. 

The  absorption  cell  was  oonnsetsd  to  ths  manifold  of  th» 
hlgh-vaouum  system.  High  vacua  vere  achieved  vlth  a  three-stage, 
all -glass,  oil  diffusion  pump,  backed  by  a  Veloh  two-stage 
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mechanical  pump.  Pressure  measurements  were  mad a  with  an  Alpha- 
tt'on  radio* lonlxatlon  gaga  for  tha  low  pressure  region,  and  * 
mercury  nanometer,  with  the  mercury  In  each  limb  covered  by  * 

10  cm.  layer  of  Octoll  manometer  fluid,  for  the  high-pressure 
region. 

The  Mflht  Source  for  the  Photolyees 

A  moreury-ln-quarts  rare  gas  resonanoe  lamp  was  designed 
for  use  as  an  lnterml  source,  eliminating  thereby  any  air  path 
botveen  the  light  souroa  and  the  reaction  cell.  The  lamp  is 
shown  In  Xlgure  l.  Tt  consisted  essentially  or  a  tl-tube  fabri¬ 
cated  of  10  mm.  I.D.  Hanovla,  3.R.  grade  optical  quarts,  with 
l  sun,  walls.  Tho  electrodo  arms  wore  rlng-sealod  Into  the  tubing 
attaohed  to  a  male  quarts  45/50  standard  taper  joint.  One  of  tha 
electrode  orwn  was  provided  with  &  5  mm.  I.D.  side  arm  for  filling 
tho  lamp.  The  large  male  joint  was  fitted  Into  a  l'yrox  reaction 
tube  by  means  of  a  fcaiala,  45/50,  Pyrox  standard  taper  Joint. 

Tho  lamp,  as  finally  used,  contained  a  drop  of  mercury  and  4  mm. 
of  argon. 

The  dlsahargo  was  maintained  by  a  General  Electric  luminous 
tube  traneformor  with  a  5000  volt,  120  Mu  ssoondary.  The  primary 
input  to  the  transformer  was  stabilised  by  Interposing  a  Sola 
oonntant  voltage  transformer  betveen  the  line  ana  the  transformer 
primary.  Tha  lamp  Intensity  oould  bo  changed  by  varying  the 
primary  voltage  with  a  variao  transformer. 


The  lamp  la  essentially  dichromatic,  emitting  tho  two 
resonance  linos  of  meroury  at  1849  A  and  2537  A.  Slnoe  ammonia 
la  transparent  at  2537  a,  the  discharge  can  be  regarded  as  a 
monochromatic  source  at  1649  A,  with  reapeot  to  ammonia.  During 
operation  the  lamp  temperature  did  not  exoasd  4o°0.  The  design 
of  the  lamp  as  an  internal  source  was  dlotated  by  the  fact  that 
1849  a  radiation  Is  strongly  absorbed  by  oxygen  and  furthermore 
la  strongly  absorbed  by  quarts.  It  vas  therefore  necessary  to 
eliminate  the  air  path,  and  keep  the  thickness  of  quarts  traversed 
by  the  radiation  at  a  minimum  to  obtain  photoohemlaelly  useful 
Intensities.  Suoh  an  arrangement  lacks  the  flexibility  of  the 
extornal  collimated  source)  for  example  the  slno  and  cadmium 
spark  sources  In  the  ''100-2200  A  region  used,  among  others,  by 
Vllg1-  In  his  important  series  of  studies  on  the  static  photolysis 
of  ammonia. 


The  ammonia  used  throughout  the  Investigation  was  the 
highest  purity  obtainable  from  the  Matheson  Company,  East  Ruther- 
for.  If.  J.  it  had  a  minimum  purity  of  99.50  and  gave  no  test  for 
the  presenoe  of  traoe  quantities  of  hydraslne  or  other  reducing 
materials. 


1. 
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Figure  i.  the  lamp  system 


'low  Experiments  at  Atmospheric  Pros sure 

The  apparatus  for  those  rum  was  briefly  desoribed  In  an 
•aril or  communication*.  These  preliminary  runs  were  designed 
to  asoortain  whether  the  lamp  would  produce  sufficient  quantities 
of  hydraslne  for  choralcal  characterisation,  and  for  accurate 
analytical  determination.  The  ammonia,  at  ataoapherlo  pressure 
and  at  a  measured  flow  rate  was  allowed  to  traverse  the  irradiated 
tone  of  the  lamp-osll  assembly,  whereupon  It  condensed  together 
with  any  hydraslne  formed  on  a  large  cold  finger  containing  dry 
ICe-ftoetone  slush  at  -?8°0.  The  liquid  ammonla-hydraHne  mixture 
dripped  from  tho  cold  finger  Into  u  removable  oolleotor  below 
through  a  drip  tube.  Sufficient  liquid  ammonia  was  condensed  . 

In  the  oolleotor  before  tho  lamp  was  turned  on  to  oover  ths 
exit  of  ths  drip  tubs,  sxccis  ammonia  gas  vat  v anted  into  a 
fume  hood  at  such  a  rate  that  tho  liquid  level  In  the  oolleotor 
remained  constant  during  an  experiment.  The  flow  rate' of  ammonia 
was  measured  by  a  capillary  manometrlo  flow  meter. 

in  one  series  of  experiments,  a  tra^  containing  hydraslne 
of  determined  purity  was  connected  to  the  apparatus  described 
abovo  so  that  tho  hydraslne  was  mjooted  into  ths  flow  stream 
at  a  point  before  the  irradiation  sons.  This  trap  waa  maintained1 
at  0°C.  by  an  lcs-water  bath.  Both  Ammonia  and  nitrogen  were 
used  as  carrier  gasss  to  sweep  the  hydraslne  through  the  oyatem 
so  that  Its  photolytle  decomposition  could  be  studied.  The  amount 
of  hydraslne  passed  through  the  system  vgs  determined  by  the  ohange 
In  the  velght  of  the  trap  containing  hydraslne.  The  amount  of. 
hydraslne  swept  over  was  sufficiently  large  so  that  the  quantity 
of  hydraslne  produced  by  the  photolysis  of  the  ammonia  carrier  gas 
was  negligible,  when  ammonia  was  used  as  the  oarrler  gas  the 
effluent  gases  passed  through  liquid  ammonia,  but  when  nitrogen 
was  used  as  the  oarrler  gas  the  gases  passed  through  a  dilute 
solution  of  hydroohlorlo  add. 

The  hydraslne  In  the  oolleotor  flask  was  analysed  by  titra¬ 
tion  as  desorlbed  m  the  following  seotlos. 


This  part  of  the  Invest lgat Ion  was  designed  to  study  varia¬ 
tions  in  tne  rates  of  formation  of  hydraslne*  hydrogen  and 
nitrogen  as  a  funotlon  of  reaction  pressure  and  linear  flow  rate 
In  the  photolysis  of  ammonia.  A  large  number  of  modifications 
of  ths  original  system  were  made  during  the  oourse  of  the  Investi¬ 
gation  to  Xmprova  ths  precision  or  the  analyses  of  ths  produots 
and  to  obtain  better  control  of  tho  flow  variables.  Ths  final 
modification  of  ths  apparatus,  and  that  which  was  used  for  the 
main  body  of  results  to  be  reported  here,  is  shown  in  Figure  ft. 
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The  systcu  vs«  evacuated  by  a  tvo-stags  mercury  diffusion 
pump,  backed  by  a  Veloh  Duoseal  mechanical  pump.  Traps  Tl  and  T2 
vers  kept  Immersed  In  liquid  nitrogen  whenever  stopcock  A,  leading 
to  the  photolysis  eyatam,  was  opened*  Previous  work  had  shown 
that  under  thesv  conditions  no  aeroury  photosensitlsasion  occurs 
In  the  reaction  systea.  , , 

The  leap  was  operated  at  a  current  of  90  Ms*  using  a  Varlao 
tranaforaor  to  control  the  current.  The  creature  measurements 
ware  made  with  an  Alphatron  radlo-ionlsatlon  gage*  and  an  Ootoil- 
aeroury  aanoaeter  as  in  ths  absorption  asasursments.  The  pressure 
measuring  devloes  were  connected  to  ths  system  via  stopcock  0. 

variations  In  linear  flow  rates  were  aohlsvsd  by  altering 
the  diameter  of  ths  orifice  immediately  below  the  Ump-oell  assem¬ 
bly. 

The  mass  flow  of  ammonia  through  ths  system  waa  read  from  a 
calibrated  Hoke  flow  meter  covering  the  range  from  5  to  33  eu .ft./ 
hr.  for  emmonla.  The  inlet  needle  valve  was  used  to  vary  the  mess 
flow  rate. 

Before  making  an  experiment  the  system  ’*««  evacuated  and  the 
condenser  flaak  van  euivouniled  with  liquid  nitrogen.  The  system 
wen  flushed  out  vith  ammonia  to  saturate  the  walls  and  was  evac¬ 
uated  again.  The  lamp  was  then  turned  on  end  warmed  up  to  con¬ 
stant  intensity.  Isolation  of  the  photolysis  system  was  achieved 
by  closing  stopoook  A.  An  elaotrie  timer  was  started  simultaneously 
with  the  flow  of  ammonia  through  the  reactor  via  the  flow  mober. 

Tho  liquid  nitrogen  was  maintained  at  a  fixod  level  about  the 
condenser  flack  In  which  tho  ammonia  was  oondensed.  At  the  end 
of  the  run  the  timer  and  lamp  were  shut  off.  Ammonia  wae  allowed 
to  flow  for  eoveral  more  minutes  while  the  vails  of  the  reaction 
system  were  gently  heated  to  drive  off  adsorbed  hydraslne. 

After  the  ammonia  flow  had  been  stopped,  the  condensables 
were  frosen  down  for  an  additional  hour.  The  non-oondensablee 
were  transferred  to  a  calibrated  volume  by  the  xoepler  pump  and 
their  preseure  in  this  calibrated  volume  wae  measured.  Hydrogen 
was  removed  by  combustion  over  euprlo  oxide,  deposited  on  glass 
wool.  Ths  resulting  watsr  vapor  was  frosen  out  In  a  trap  surround¬ 
ed  by  liquid  nitrogen.  The  pressure  of  the  residual  gas  was 
measured  In  the  calibrated  volume  and  ves  assumed  to  be  nitrogen. 
Repeated  blank  rune  shoved  that  no  deteatable  quantities  of  non- 
oondsnsablts  vers  present  in  the  original  ammonia. 

For  tho  hydraslne  analysis,  the  condenser  wae  removed  and  ' 
the  ammonia  allowed  to  evaporate  until  only  a  few  ml.  ramained. 

Xt  was  found  that  up  to  10j»  of  the  hydraslne  oould  be  oarried  off 


vlth  the  volatilising  ammonia.  Teata  ahoved  that  the  ioaa  o f 
hydrasm*  could  bo  prevented  *  Imply  ty  allowing  tha  effluent 
vapor  to  biionl  a  turnugn  a  trap  containing  distilled  vat  ar.  Tha 
reside*  in  tha  condenser  and  the  oont.onta  of  tha  vater  trap  were 
oomblo*!,  diluted  vlth  water  and  aaldifled  vlth  eonoantratad 
hydroohlorlo  aold.  This  solution  vat  made  up  to  a  knovn  volume 
and  allquota  vara  titrated  with  0,1,11  potassium  lodata  following 
tha  mathod  6f  penneman  and  Audrleth0.  Analyses  taada  vlth  oyn- 
thatJc  solution*  of  hydraalna  at  eoneanhratlana  ala liar  to  thoaa 
obtained  in  tha  photolyse*  ahovad  that  tha  arror  tn  tha  titrations 
did  not  axoaad  u%, 

Static  Sxporlmanki, 

To  compare  ralatlva  quantum  yields  under  atatlo  and  dynamlo 
conditions.  a  »orloi<  of  rune  vaa  aona  in  tha  above  apparatus  undar 
atatlo  conditions. 

A  a amp If  of  ammonia  was  subjected  to  two  brap-to-trap  dis¬ 
tillations,  a  middle  fraction  being  saved  In  aaoh  case.  Tho 
desired  preasuro  of  ammonia  was  admitted  to  the  system  from  a 
atoms*  reservoir  and  tha  photolysis  was  carried  out  on  tha  statlo 
eamplo  vlth  tho  oondouier  at  room  temperature.  At  the  end  of  * 
run  tha  non -c ondon sub i a  and  oondonnabi*  products  vara  analyst,' 
in  tha  same  manner  as  in  tha  flow  rune.  It  ehould  be  noted  that 
tha  result*  obtained  vlth  tha  ammonia*  vhloh  lmd  boon  subjected 
to  two  irap-to-trup  distillations,  vara  identical,,  vlthln 
experimental  error,  to  thoaa  found  for  the  ammonia  taken  directly 
from  tha  tank. 

A  stutio  photolysis  vaa  also  dono  on  hydraalna  bo  detarnln* 
vhathsr  it  vas  docompoasd  by  2937  a  radiation.  A  sample  of 
Matho*cr.'s  anhydrous  hydraalna  vaa  thoroughly  degasaod  and  tha 
hydraslco  vapor,  at  It  mm,  pressure,  vaa  admitted  to  an  evaouated 
quarts  tuba  attaohod  to  a  mercury-free  vacuum  system.  The  tuba 
vaa  olosfd  off  from  tho  liquid  hydraalna  and  vaa  exposed  to  tha 
radlatlcn  from  a  meronry  reoonnnoe  lamp  fashioned  of  V/oor  7910# 
Tha  vyccr  glass  remove*  1849  a  radiation  but  tranamlta  2537  A 
radiation.  At  the  and  or  tho  experiment,  a  aide  arm  from  the 
bubs  vas  immersed  tn  dry  loo  and  aootone  for  30  minute*.  The  noa- 
uondantabla  produo to  wore  transferred  by  Toapler  pump  to  a  cali¬ 
brated  volume  and  measured .  These  gases  were  then  passed  through 
a  trap  at  liquid  nitrogen  temperature  to  remove  ammonia  and  tha 
residual  nor-condensablo  gas  vae  analysed  for  nltregon  and  hydro¬ 
gen  as  In  the  ammonia  photolysis  experiment*. 
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The  *xt ' nekton  coefficient,  I ,  Is  defined  by  the  relation 


It  g  X0  10"  <0* 

tftuir*  i0  and  I,  are  tho  intensities  of  the  1049  X  radiation 
inoldenf  on  ana  tranemltted  through  tha  quarts  absorption  o«U 
containing  ammonia,  Tho  optical  path  length  through  the  ammonia 
at  a  concentration  of  o  moles/llter  la  d  on. 

In  Figure  3,  tha  reiuita  of  abaorptlon  measurements  using 
the  Aralnco  ooll  with  d  *  1.0002  on.  are  shown  as  a  plot  or 
log  Ip/It  vs.  o.  The  left  hand  ordinate  figures  and  the  lower 

abroissa  figures  represent  tha  rosuUs  for  tha  1,00.0  am,  cell. 
The  concentration  range  corresponds  to  ammonia  pressures  from 
l  to  40  bus.  Within  experimental  error  tha  points  fall  on  a 
straight  lino  the  slope  of  whioh  glvos  a  value  of  £  of  1,21x103 
Uters-mdles*1  om”1. 


The  absorption  of  ammonia  in  the  range  from  40  to  200  mm. 
vaa  measured  with  the  Hftnovla  quarts  cell  whioh  had  a  d  value 
of  0,02  £  0.003  am.  The  values  of  €  oaloulatsd  therefrom  agree 
within  experimental  error  with  the  value  reported  for  the  1,000 
om.  oall.  .  Beer'*  Lav  is  therefore  obeyed  at  least  ovar  tha  range 
from  l  to  200  mm,  pressure  of  ammonia. 

From  the  value,  l.ClxlO^  litere-molos"^  om"'1  for  the 
oxblnotlon  coefficient,  and  tha  geomotry  of  the  reaetor,  it 
yes  estimated  that  a  minimum  ammonia  preieuro.of  fl-lo  mm.  vaa 
required  for  oomplete  abeorption  of  the  1049  A  radiation. 

Preliminary  experiments  on  tho  absorption  of  1849  X 
radiation  by  hyaraalne  Indicate  that  tha  extinction  coefficient 
la  About  six  times  as  large  as  the  corresponding  ammonia  value. 


Flow  Bxperlments  at  Atmospheric  Pressure 


The  results  obtained  in  these  experiment*  are  summarised 
in  Table  l. 


The  hydraslne  formed  in  the  rsaotlon  /as  characterised  by 
preparing  the  derivative  with  bensaidehyde.  The  bensalaslne 
obtained  had  a  malting  point  of  9l"92°0.  in  agreement  with  re¬ 
ports  valuta  for  the  melting  point  of  this  oompound.  Furthermore 
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FIGURE  3l  THE  EXTINCTION  COEFFICIENT  OF  AMMONIA  AT  1849  A 


mlxod  molting  point  determinations,  made  by  Admixing  a  pure  sample 
of  boozalaslne,  shoved  no  depression  of  the  molting  point. 

These  experiments  shoved  that  th>  system  vss  capable  of 
produolng  hydrnzine  In  sufficient  quantities  for  aoourate  analysis. 
The. rates  of  hydrofine  formation  are  In  agreement  vlth  those  la 
this  closed  systems  If  the  pressure  and  linear  flov  rates  used  ara 
oonsldsred.  The  linear  flov  rate  In  these  experiments  was  about 
7  om/aeo . 

Tabla  l 


Produotlon  of  Hydraslne  In  the  Photolysis  of  Ammonia  at 
1849  a  in  an  Optn  Flow  system  at  Atmoapherlo  Pressure. 


Hass  Flow  Hate 
moles/hr, 

Lamp  Current 

ma 

Rate  of  Hydraslne  Formation 
moles/hr.xlCP 

7.7 

30 

0.32 

13.4 

30 

0.39 

13.* 

U5 

0.85 

Flov  Photolysis  of  Hydraulne 


Tho  rosultb  of  tho  experiments  In  vhloh  hydraslne  was  swept 
through  the  irradiated  zone  by  a  carrier  gas  are  recorded  lu  Table  2. 

Tho  amount  of  hydranlno  passing  the  lamp  per  unit  time  vaa 
about  100  times  gre&tsr  In  these  experiments  than  the  amount  pro¬ 
duced  In  unit  tlma  In  the  ammonia  photolysis.  Zt  should  br  . 
emphasized  that  the  hydrAxlne  may  be  dooompoaod  by  the  2537  A  radiation 
from  the  lamp  as  well  as  by  the  1849  A  radiation.  When  the  runs 
were  repeated  with  the  lamp  off.  no  hydrazine  was  deoompoeed. 

Tho  aoouraoy  of  the  measurement  of  tho  hydraslne  decomposed  la 
estimated  to  bo  ±  5j*. 

These  rune,  while  of  a  qualitative  nature,  show  that  hydra¬ 
zine  is  sxtsnslvaly  decomposed  on  flowing  through  the  Irradiated 
aone. 
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The  photolysis  of  Eydraiin a  la  the  Presence  of  a  Carrla* 
Oas  at  Atmospheric  Pressure 


Hass  Flow  Rate 
of  Carrier  Gas 
molea/hr. 

Carrier 

0*o 

rydraslne 

Flow  Rate  k 
moles/hr. xlO 

Rydraslne 

Decomposed 

! 

«o 

ra3 

49 

24 

13.4 

nh3 

32  .. 

20 

13.4 

*2 
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27 

Tha  Floy  Photolysis  of  Ammonia  in  tha  Olo sad  Syptem 

Tha  msus  flov  rate  of  ammonia  was  converted  to  volume  flow  at 
the  temperature  and  pressure  of  the  reaction  sono.  This  quantity 
divided  by  the  oross-tootional  area  of  the  irradiated  sone  gave 
tho  linear  flow  rate  of  the  uramoola. 

In  the  range  of  mass  flov  rate*  and  ammonia  pressures  used 
tho  linear  flow  rate  depends  essentially  on  the  resistance  to  flow 
of  tho  tubing  between  the  lanp  and  the  ammonia  condenser.  Thus, 
tho  linear  flov  rate  oou'Ld  be  varied  by  changing  the  diameter  of  an 
orifice  in  tlili*  tubing.  With  a  given  orlf*oe  else,  tho  preesure 
rise  In  tha  reaction  zone  on  Increasing  'he  mass  flov  rate  was  just 
that  required  for  the  linear  flov  rate  to  remain  oonstant.  Fluo- 
tuatlon  of  the  oaloul  r,ed  .linear  flow  rate  for  one  orlfioe  else 
at,  various  uiasB  flow  rates  in  the  results  may  therefore  he 
attributed  to  error  In  the  readings  of  tho  mass  flow  rates  and 
roaotlon  pressures. 

The  linear  flow  rates  were  varied  from  7-05  to  11,150  om/eeo. . 
The  oontaot  time  for  the  gas  In  the  Irradiated  cone  obtained 
by  dividing  the  length  of  the  irradiated  sono  (26  cm. )  by  the 
linear  flow  rate  varied  from  3.69  to  2.33*10"'s  aeo. 

In  the  analysis  of  the  'jroduots,  the  amounts  of  the  total 
non-octidenaable  gas,  the  nil  cogen  and  tho  hydraslne  produced 
per  unit  time  were  measured.  Two  quantities  of  interest  can  ha 
calculated  from  these  data  using  the  stolohlometrlo  equations 

2NHj  -  -a  Ng  +  3  Bg 

P  NHj  — 
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1.  Th*  apparent  amojnt  of  ammonia  decompcaod  la  .  , 

given  by  twice  the  *um  of  the  hydrazlna  and 
nitrogen  produced. 

2.  I he  fraction  of  the  amaor.la  decomposed  vhloh 

la  reoovered  aa  hydrasino  la  given  by  the  ratio 
of  the  hjdraalno  to  the  aua  of  tho  hydraalna 
and  Mtro3#n. 

Since  the  total  non-condensable  gas  minus  the  nitrogen  gives 
tho  quantity  of  hydrogen  produced,  tho  amount  of  hydr&alno  pro¬ 
duced  can  be  calculated  from  the  gas  analysis  only  alnca  from 
the  stoichiometry 


(N2H4)  s  (N2+  H.2)  -  4(Na) 

It  vos  found  that  more  accurate  values  fur  the  amount  of  hydra- 
aloe  traduced  were  obtained  by  calculation  from  tho  gas  analysis 
lu  the  above  manner  than  by  noaovery  and  titration  of  the  hydra- 
alno,  p.'th  procedures  were  followed  in  each  run,  but  the  value 
for  tho  hydra* lo e  used  in  calculating  tho  ammonia'  rtecompoaod 
and  the  percentage  of  the  decomposed  ammonia  reoovered  as  hydra- 
alno  was  tho  value  calculated  from  the  gas  analysis.  The  error 
In  tho  recovery  and  titration  of  the  hydrazine  was  ahovn  to 
arise  largely  from  lose  of  hydrazine  in  tho  evaporation  of  the 
liquid  ammonia,  When  the  anunonla  waa  bubbled  through  water 
In  the  later  runs,  and  this  water  waa  added  to  tho  residual 
hydrazine,  the  measured  and  oalculatod  amounts  of  hydrazine 
agreed  within  about  5J<. 

A  summary  of  the  reaulta  of  the  flow  photolysis  of  ammonia 
In  the  closed  aystem  la  given  in  Table  3,  Tho  runs  are  grouped 
aooordlng  to  tho  orifice  else  vlth  the  same  linear  flow¬ 

rate).  Within  tho  groups,  the  aaea  flow  rate  and  henoe  the 
reaction  pressure  waa  varied  over  the  range  permitted  by  tho 
apparatus. 

It  la  evident  that  the  percentage  of  the  decomposed 
ammonia  whloh  la  recovered  aa  hydrazine  (#  hydrasine)  la  essen¬ 
tially  independent  of  the  reaction  pressure  at  any  given 
linear  flow  rate  but  increases  vlth  the  linear  flow  rate.  The 
percentage  converelon  to  hydrazine  and  linear  flow  rata  values 
wore  averaged  In  each  group.  Figure  4  is  a  plot  of  percentage 
conversion  to  hydrazine  vs.  log  (linear  flow  rate)  based  on 
these  averaged  results.  A  relationship,  which  la  approximately 
linear,  la  obeyed  up  to  a  linear  flow  rate  of  about  1750  om/aec., 
at  which  value  the  conversion  la  about  34jf.  Rune  31  and  32 
were  oarrlod  out  at  considerably  higher  linear  flow  rates  but 
the  conversion  did  cot  increase.  To  achieve  these  high  linear 
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LOG  LINEAR  FLOW  RATE 

FIGURE  4.  CONVERSION  OF  AMMONIA  TO  HYDRAZINE. 


riortr  rates.  these  ruin  had  to  be  carried  out  at  such  lov  r# jot ion 
pressures  that  thsrs  vas  Incomplete  abaorption  of  the  I8i9  A 
radiation.  Small  amount*  of  non-oondentable  gat  vara  tharafora 
obtained  and  tha  error  In  analysis  vas  larger  than  In  the  other 
rune.  Thu  a  it  la  not  olaar  whether  tha  <  hydraslne  vould  lnoraada 
to  lOOji  with  high  Unoar  flow  rataa  or  whether  It  doaa  In  faot 
level  off  at  about  84j<, 

The  amount  of  ammonia  decomposed  In  eaoh  run  vaa  plotted 
against  reaction  pressure  In  Figure  5.  The  points  fall  on  a' 
smooth  curve,  independent  of  the  llnoar  flov  rate  of  the  run. 

Thus  the  relatlvo  quantum  yield  for  ammonia  decomposition  la 
independent  of  linear  flov  rata  and  has  a  o on a tan t  value  of 
about  I0xl0“4  uolaa/hr.  from  100  mm.  to  560  mm.  pressure  of 
ammonia  in  the  reaotion  tone  (Run  30  at  560  mm.  pressure  la  not 
shown  In  Fig.  5).  At  lover  pressures,  the  relative  quantum  yield 
rises  rapidly  to  a  value  almost  tvloe  that  at  loo  urn.  Belov 
about.10  mm.  pressure  there  is  Incomplete  absorption  of  the 
1849  A  radiation  and  therefore  the  ratio  falls  off. 

for  the  rune  reported  la  Table  3,  the  surfaco-to-volums  . 
ratio  In  the  aone  between  the  lamp  and  tha  orifice  vaa  0.93  cm"4. 
Two  experiments  were  mado  with  this  s one  paoked  vlth  Pyrox.rods, 
thereby  increasing  the  surfaoe-to-volumo  ratio  to  3,65  om*'1.  The 
results  for  these  runs  are  given  in  Table  4  together  vltb  the 
comparable  data  for  the  unpacked  system. 

Whllo  these  experiments.  In  vhloh  the  surfaoa-to-voluae 
ratio  vas  ohangcd,  wore  not  extensive,  the  results  Indicate 
that  neither  tno  amount  of  ammonia  decomposed  nor  the  percentage 
conversion  to  hydraslne  vas  greatly  affeoted  by  paoklng  tha 
volume  Immediately  following  the  radiation  sone. 
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autlo  fhotolyal*  of_Aamonl»>t  .1842. 1  '  '  , 

The  aunwary  or  the  analyse*  of  the  non-oondanaable  produot* 
of  a  series  of  atatlo  photolyeea  of  ammonia  la  given  in  Table  9*  , 

The  oondenaablo  roeldue  gave  no  teat  fop  hydraalne.  I 
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The  Statlo  Photolyii*  of  Ammonia  at  1849  A  j  i 


Ammonia 

Pressure 

mm. 

Total  das 
por  hr. 
molea  xlO4 

i  Ns 

In 

total  gaa 

Ammonia  Deooapoaed 

per  hr.k  < 

moloa  xlO  ' 

10 

16.14 

85. 0 

8.07 

84 

ID. 18 

85.0 

7.56  , 

38 

11.41 

85.0 

5.71  1 

57 

84.8 

•  '5.30 

16 

11.80 

»■ 

5.90 

150 

10.5® 

mm 

5.86 

864 

11.70 

mm 

5-70 

The  relative  quantum  yield  for  ammonia  decomposition  la 
plotted  aa  a  furotion  of  pressure  In  figure  5*  'the  none  pressure 
variation  aa  in  the  fl'JU  rvna  waa  observe-  At  vuaparable 
preaauren  the  relative  quantum  yield  In  the  atatlo  ayatea  la 
about  half  the  value  obtained  In  tho  flow  ayatem. 

The  faot  that  the  nitrogen  la  almost  exactly  25J<  of  the 
total  non-oondenaabla  product  Indicates  the  absenoa  of  hydraalne 
and  ahova  that  the  gaa  analysis  la  reliable. 

The  produota.of  the  atatlo  photolysis  of  hydraalne  at  l4  mm. 
preaaure  by  »537  A  radiation  were  In  exeot  agreement  with  the 
following  equation. 

8  — *  2  NHj  +  Hg  Hg 

in  a  alallar  axperlmant  with  no  radiation,  no  hydraalne  waa 
deoompoaed.  The  light  lntanalty  at  8537  A  waa  4x10  #  elnatelna/ 
alp.  and  JxlO“°  molea  of  hydraalne  were  daonmpoced  per  minute. 

If  the  quantum  yield  of  the  hydraalne  deoompoaltlon  waa  about  8f 
aa  found  by  Wanner  and  Bookman'  the  rate  of  radiation  absorp¬ 
tion  waa  8.5x10"°  einsteina/mln,  from  the  cell  geometry,  the 
paroentaga  absorption  of  the  8537  A  radiation,  and  the  hydraalne 
preaaure  the  extinction  coefficient  of  hydraalne  at  8537  X  was 
estimated  to  be  5  lltera-mole-l  om.-l. 
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Any  discussion  of  the  mechanism  of  the  secondary  reactions 
In  ths  photolysis  of  ssutonla  at  1849  A  aiust  be  In  oonsonenoe  with 
the  follow Ida  foots i 

(1)  The  rats  of  ammonia  decomposition  la  ths  flow  system 
Is  Independent  of  linear  flow  rats. 

(2)  From  560  am.  to  100  mm.  pressure  the  rate  of  ammonia 
decomposition  is  constant.  At  lover  pressures  the 
rate  rlsos  to  a  value  vhloh  is  almost  twice  ths  rate 
at  100  mm.  preseure.  Below  10  mm.  pressure  the  ret# 
of  decomposition  decreases  again  because  of  Incom¬ 
plete  absorption  of  the  1C49  A  radiation. 

(3)  The  percentage  conversion  of  the  ammonia  to  hydrasine 
is  independent  of  ths  roaotlon  pressure  but  increases 
almost  linearly  with  the  logarithm  of  ths  linear  flow 
rate.  This  conversion  inoreaees  from  reeo  In  the 
static  system  to  84j<  at  a  linear  flow  rate  of  1750 
cm/a so.  but  may  not  Inoreaae  further  at  greeter  flow 
rates. 

(4)  The  rate  of  ammonia  decomposition  in  the  flow  system 
Is  about  tvloe  that  in  the  etatlo  system  at  the  same 
pressure.  This  relationship  holds  over  the  whole  of 
the  pressure  range  Investigated. 

(5)  A  tonfold  lnoreAso  In  the  surfaoe-to-volume  ratio  in 
ths  cone  immediately  following  the  irradiated  sons 
ha*  very  little  effect  on  the  rate  of  ammonia  decompo¬ 
sition  or  on  the  conversion  to  hydraslne. 

(6)  The  extinction  ooefflolent  for. ammonia  at  1849  X 
la  1.21x10'  lltere-molei"1  om*1  between  1  mm.  and 
200  mm.  pressure,  .The  extinction  ooefflolent  of 
hydrarlne  at  1849  A  is  about  six  times  that  for 
ammonia  and. at  2337  A  has  a  value  of  about  5  litere- 
moles"1  cm"1. 

(7)  When  hydraslne  was  passed  through  the  flow  system 
at  a  pressure  some  one  hundred  times  greater  than 
the  partial  pressure  of  hydraslne  in  the  ammonia 
photolysis  experiments,  twenty-flvs  percent  of 
this  hydraslne  was  decomposed  by  photolysis. 

(8}  The  etatlo  photolysis  of  hydraslne  at  2537  X  obeyed 
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2  HgH*— ♦  2  »Hj  4-  Kg  *  h2 

(9)  If  the  iUtlo  ouantum  yield  for  ammonia  decomposition 
at  IOO.m,  la  about  0.23  aa  propoeod  by  Vtig  and 
others  ,  than  the  quantum  ylald  In  the  flow  syatam 
approach*!  unity  at  low  proseuree. 


The  lnvastlgatlon  of  thu  flow  photolysis  of  ammonia  haa  ; 
ahovn  that  hydrailno  and  hydrogeb  oan  ba  the  major  produota  of  1 
tha  reaction.  Tha  porcantaga  of  tha  dsooapoeeri  ammonia  that  la 
recovered  aa  hyd"a*ino  depend*  only  on  tha  Hnaar  flow  rata  of 
tha  amraonla  through  the  ayatam.  An  increase  In  tha  linear  flow 
rato  dilutes  tha  wheals  and  produota  of  tha  reaotlon  with 
ammonia  and  alas  cauuas  thorn  to  apend  a  nhortor  time  in  tha 
Irradiated  none.  Dilution  ol'  the  radical*  and  hydratlna  would 
deorufloo  the  decomposition  of  hydraslne  by  radloftl  attack  If  tha 
radicals  also  disappear  on  collision  with  the  wall.  A  deoreaee 
In  the  hydratlna  partial  preauure  and  a  shorter  contact  tine 
in  the  Irradiated  tone  would  lead  to  lens  photolysis  of  the 
hydraslne  by  tha  1849  A  and  2337  a  radiation.  It  seoina  probable, 
therefore,  that  the  relatively  largo  amounts  of  nitrogen  obtained 
at  low  linear  flow  rates  arise  from  ths  decomposition  of  hydra* 
sine  either  by  photolysis  or  by  radical  attack.  Soma  nitrogen 
may  also  arise  by  an  independent  reaotlon  path  elnae  the  minimus 
conversion  of  ammonia  to  nitrogen  vab  I5jf. 


The  overall  quantum  yield  of  ammonia  decomposition  appears 
to  Approach  unity  at  low  pressure  in  the  flow  system.  It  is 
probable,  therefore,  that  tho  primary  quantum  yield  for  th* 
photolysis  of  ammonia  Into  hydrogon  atoms  and  amino  radicals 
Is  unity.  Tha  Inver  experimental  quantum  yields  then  arise 
from  ammonia  reforming  steps.  These  steps  aro  pressure  dependent 
but  are  Independent,  of  the  linear  flow  rate.  Slnoe  the  oonver* 
nlon  to  hydraslno  does  depend  on  the  linear  flow  rate,  the 
decomposition  of  hydraslne  In  the  flow  system  doos  not  produoe 
ammonia.  The  hypothesis  that  the  hydraslue  produced  la  partially 
decomposed  In  the  flow  system  by  photolysis  was  examined.  It 
was  ohown  that,  when  relatively  large  amounts  of  hydrailne  were 
swept  through  the  system  by  nitrogen  or  ammonia,  twenty-five 
peroont  of  tho  hydraslne  was  decomposed.  Moreover,  2337  A 
radlutlon  decomposed  hydraslne  to  produce  ammonia,  hydrogen  and 
nitrogen. 


First  the  possibility  of  hydraslne  photolysis  by  the  1649  X 
radiation  was  Investigated.  The  assumption  was  made  that  the 
rate  of  amraonla  decomposition  ( 1.5x10*'  moles/seo.)  at  100  mm. 
pressure  In  the  sfcatio  system  represented  a  quantum  yield  of  ■ 
0.25.  The  1849  A  radiation  lntonsity  Incident  on  the  flowing 
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Rag  vag  therefore  6.0x10  ^  olnatelm/aec .  Next,  It  vai  necoesary 
to  calculate  tha  maximum  poialbla  partial  prenure  of  hydrailne 
in  the  flow  stream  at  various  linear  flow  rata*.  It  waa  assumed  that 
tho  Initial  ntep  was 


s  HH3  4*  *1*1849 - *  NHg  4*  H  j 

•  "  t  ' 

with  a  quantum  yield  of  on®  and  that  ail  tho  amino  radloali  ro- 
oomhlnea  to  give  hydrailne.  Tha  max liuum  rata  of  production  of 
bydreiine  vaa,  thorsfora,  3*0x10“'  wolaa/ioc.  Prom  tha  voluna  flow 
rata  of  tha  ammonia  through  tha  reaction  aono,  It  la  poailbla  to 
oaloulate  tha  volume  In  which  thla  amount  of  hydrailne  vaa  . 
distributed,  aaaualng  a  uniform  distribution,  and  hanoe  tha  ; 
partial  praaaura  of  tha  hydrailne  in  tha  flow  stream.  Thla  partial 
pressure  varied  from  4.8x10"*  mm.  at  a  linear  flow  rata  of  7  orn/aac, 
to  B.5xlD"“  am.  at  a  flow  rata  of  10,000  om/aeo. 

If  tha  Ammonia  and  hydraaina  art  In  competition  for  tha  1849  X 
radiation,  tha  abaorptlon  equation  la  givon  by  tha  following  equa¬ 
tion 

;  v 

It  =  l  io“el*°l*d'  “  f 

"  1  represents  ammonia 

Z  represents  hydraaina 

Tha  fraction  of  tha  1849  X  radiation  available  to  tha  hydraaina 
la  approximately  fcoCo^l0!  •  T'°*  th*  weporimant  with  the  highest 

Sartlal  pressure  or  hydraaina  in  tha  flow  stream  thla  fraotion  la 
xlO“*. 

Thug  3xlQ"U  elnatolna/aac,  war a  avallab'l*  to  tha  hydraaina, 
and  If  the  quautum  yield  for  hydrailne  deoompoaltlon  vaa  unity, 
lean  than  .01$<  of  tha  hydrasltio  produced  was  photolysad. 


Tha.ueroury  laup.puta  out  about  ten  tinea  aa  much  radiation 
at  2937  A  aa  at  1849  A  and  at  thla  vavalangth  tha  ammonia  Uoa* 
not  oompata  with  tha  hydraaina  for  tha  radiation.  Tho  poaalblllty 
of  photolyala  of  the  hydrailne  by,-2b37  A  radiation  was  therefor* 
examined.  Using  a, value  of  6x10  0  elnstcilns/aao,  aa  the  Input 
lntenalty  of  2537  A  radiation,  tha  extinction  coefficient. from 
the  itatlo  photolysis  of  hydrailne  (5  Utera-mole"1  aeo.“M  and 
the  calculated  partial  preaiure  of  hydrailne  in  the  slowest 
linear  flow  rate  axparlmant,  It  vaa  calculated  that  last  than 
ltf  of  the  hydrailne  could  ba  decomposed  by  tha  2537  a  radiation. 
Tula  result  vaa  not  In  ooufllot  with  tha  axparlmants  in  vhloh 
hydraaina  vaa  daeompoiad  vhan  avapt  through  tha  lamp  aona  in 
carrier  gas  bacauia  in  thaia  exparimaats  tha  partial  praaaur* 
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vaa  about  ona  hundred  times  greater  than  In  the  ammonia  photolysis 
experiments.  The  same  method  of  calculation,  when  applied  to  these 
hydruztne  flow  runs,  predicts  that  26jf  of  the  hydraalne  ahould  he 
decomposed. 

As  a  result  of  the  above  oaloulatlona  It  aeeas  reasonable 
to  aay  that  the  photolysis  of  hydraalne  in  the  flow  ayatem  cannot 
aeeount  for  the  decomposition  of  hydraalne  and  thue  the  hydraalne 
must  be  decomposed  as  a  result  of  radical  attaoks. 

■“ in  view  of  the  experimental  raaulta  and  calculations  dle- 
ouaaed  above,  the  following  ruaotlon  neohanl'em  vaa  adopted  as 
the  basic  for  a  qualitative  explanation  of  the  flow  photolysis 
of  ammonia. 

(1)  NH3+  hVia49  — ♦  »h*+  h 

(2)  M  +  IfKg - *  ITKj* 

(3)  NHj*  +  N  - *  NHj  +  M 

(4)  NH3*  — -b  NH2  +  H 

(5)  NHj  +  — *  WaR4 

(6) ltaH4  +  H - ►»fiR3+Ha 

(7)  lfgRj  +■  H - b  Kg  2  Kg 

(8)  N2H3  +  H2H3 - b  2  IfKg  +  N2  I 

(9)  H  *■  vail  — — b  l/S  Ha  +  vail  , 

According  to  this  moohaniem,  if  hydraalne  la  a  produot  of 
tho  reaction,  thoro  la  an  axueaa  or  hydrogen  atoms  which  diffuse 
to  the  veil  and  form  molecular  hydrogen.  The  amino  radloale  are 
removed  rapidly  by  combination  to  hydraalne,  whereas  the  homo¬ 
geneous  recombination  of  hydrogen  atoms  raqulrea  a  three  body 
collision  and  Is  thsrsforo  negligible.  Since  there  Is  an  exoesa 
of  hydrogen  atoms,  the  etteok  of  amino  radical!  on  hydraalne  and! 
hydresyl  radloale  le  unimportant.  Moreover,  reaotlon  (8)  la 
unimportant  compared  to  reaotlon  (7). 

the  assumption  has  already  been  made  that  tha  quantum  yield  . 
of  reaotlon  (1;  la  unity.  If  (8)  la  naglactad,  the  only  ammonia 
reforming  reaotlon  le  (3)  which  ia  pressure  dependent,  the  flow 


experiment*  indicate  that,  at  pressure*  higher  than  LOO  mm., 

{  reaction  (3)  Is  much  wore  important  than  reaotlon  (4).  At  lower 

pressures,  roaction  (4)  becomes  important  and  the  overall  quantum 
yield  Upproachoa  unity. 

If  hydrogen  atom  removal  by  reaotlone  (6)  and  (7)  la  neglected » 
the  fltatlatlcal  rate  for  the  ratio  of  ammonia  reformation  oompared 
to  the  rate  or.  hydrazine  formation  by  reactions  (3)  and  (5)  !■ 
tvo  to  ono  above  100  mm,  preaeure.  Thus,  one-half  of  the  amino 
rodlcals  reform  ammonia  and  the  rate  of  ammonia  deoomposltlon  at 
preeaurea  over  100  mm,  la  about  one-half  the  maximum  value 
obtained  at  lov  proaaurea. 

Reaction  (3),  the  ammonia  reforming  step,  dependa  on  the 
hydrogen  atom  concentration  which  la  turn  dependa  on  the  extent 
of  reactions  (6)  and  (7).  it  will  bo  ahown  below  that  the  latter 
reaotlone  depend  only  on  the  linear  flow  rate.  Thu  a ,  the  hydro¬ 
gen  atom  concentration  and  henoe  the  not  rate  of  ammonia  dsoowvoal- 
tlon  should  depend  on  the  linear  flow  rata.  This  offeot  was  not 
found  experimentally  and  the  explanation  way  be  that  in  the  range 
of  linear  flow  rates  used  the  total  concentration  of  hydrogen 
atoms  did  not  vary  by  more. than  2S#  due  to  removal  in  reaction* 

(6)  and  (7)* 

Aa  the  llnoar  flow  rata  la  increased,  the  reaotlon  produoue 
are  diluted  with  ammonia  oauaing  a  reduotlon  of  the  partial 
preaeure  of  hydrailne  in  the  flow  stream.  Reactions  (6)  and  (7) 
become  leas  important  compared  to  reaotlon  (9)  the  hydraalne 

? art  led  preaeure  la  decreased.  Thu a  the  conversion  to  hydraalne  . 
noreaaea  with  linear  flow  rate  and  ia  lndepandant  of  tha  raaotion 
praaaure. 

The  experlmento  in  whloh  the  surfaoe-to-volum*  ratio  vaa 
lnoroaeed  In  the  zone  following  the  lamp  indicate  that  moat  of 
the  reaction  la  complete  in  the  irradiated  sone.  If  this  war* 
not  the  aase,  the  increase  in  the  rate  of  hydrogen  atom  removal 
would  result  in  an  increase  in  the  net  rate  of  ammonia  decomposi¬ 
tion  and  in  the  oonvor»<on  to  hydraalne.  A  small  lnoreaae  may 
be  notod  in  these  experiments  but  the  increase  la  aoitroely  greater 
than  tha  experimental  error. 

In  the  atatlo  photolysis  of  ammonia,  the  meohanlam  must 
explain  the  fact  that  no  hydraalne  la  obtained  and  that  the  rate 
of  ammonia  decomposition  la  lover  than  in  the  flow  run*  although 
It  has  the  same  pressure  dependence.  The  partial  pressure  of 
hydraalne  is  probably  muoh  higher  in  tha  statio  system  than  In 
the  flow  system  and  the  hydraalne  formed  must  remain  in  tha 
reaotlon  sone.  Henna  reaotlon  (6)  la  vary  important  and  oauaea 
a  decrease  in  the  hydrogen  atom  concentration.  Raaotion  (B)  la 
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then  able  to  compete  successfully  with  reaction  (7)  and,  alnoo 
reaotlon  (8)  results  In  ammonia  reformation,  the  net  rate  of 
ammonia  decomposition  is  decreased,  This  effeot  Is  pressure 
Independent  but  reaction  (3)  is  also  In  operation  to  that  the 
rate  of  ammonia  decomposition  has  the  same  pressure  dependence 
as  It  has  In  the  flow  experiments.  It  is  possible  that  the 
photolysis  of  hydra sine  may  also  become  Important  in  the  staple 
system. 

While  the  mechanism  which  has  been  presented  Is  In  quanta* 
tlve  agreement  with  the  experimental  faots,  It  la  quite  possible 
that  complex  homogeneous  and  hoterogeneous  reaction  steps  are 
Involved  vhioh  would  give  a  wore  complete  explanation  of  the 
results  which  have  been  obtained  in  the  ammonia  photolysis. 

Since  the  apparatus  used  In  this  Investigation  was  aomevlmt 
different  from  that  used  by  other  investigators,  a  quantitative 
comparison  with  their  results  doos  not  seem  justified. 
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HYDRAZINE  FROM  THE  ACTION  07 
LIQUID  CHLORINE  ON  LIQUID  AMMONIA 


S •  0 .  Noonan 

K6.ru I  Ordnsno#  Laboratory  "  • 


Abstract 

An  attempt  vea  made  to  synthetise  hydra. Kin*  by  the  interaction 
of  liquid  ohlorlne  vith  a  large  erooaa  of  liquid  ammonia  at  3b°C 
and  about  200  pal.  The  boris  yield  obtained  vae  2,7  percent  of 
theoretical .  nitrogen  vas  forced  by  a  aide  reaction  vhloh  could 
not  be  auppreaaed  by  any  mixing  conditions  tried.  The  project 
vae  droppod  as  commercially  unattractive. 

Introduction.  • 

In  19^9  a  group  at  the  Naval  Ordnance  Laboratory  beoame  in¬ 
terested  In  the  synthesis  of  hydraslne.  The  roaotlon  of  liquid 
ammonia  and  ohlorlne  vas  selected  for  oxplorafcion.  During  the 
stumer  of  1950.  apparatus  vae  set  up  by  Hubert  Tatum,  detailed  to 
HOL  from  tho  Bureau  of  Ordnanoo.  A  short  Investigation  of  the  1 

reaction  vas  completed  during  the  period  by  Mr.  Tatum  and  Dr. 

Ooorge  Bryan  of  NOL.  At  the  time  this  project  van  begun  ye .had  no  , 
taovledgo  of  the  work  of  Mattalr  and  Dialer  of  Ohio  State 

Certain  rigid  roatrletlone  were  laid  dovn  at  the  start  of  the  i 
investigation i  ! 

1,  Experiments  would  be  terminated  unless  there  vere  In¬ 
dications  that  a  yield  of  90 £  or  better  (based  on  i 

ohlorlne)  oould  be  obtained.  ! 

>  2.  The  reaotlon  vas  to  be  run  vith  a  large  excess  of  < 

ammonia  to  minimise  side  reactions. 

f  i 

{  5.  The  roaotlon  vas  to  be  oarried  out  under  pressure  in  the  I 

liquid  phase  at  a  temperature  of  50°  -  A5"0  so  that  mill  '! 
vater  oould  be  used  for  cooling.  Any  attempt  te  use 
refrigeration  for  dissipating  the  heat  of  reaction  vas  | 

regarded  as  leading  to  excessive  oapltal.and  power  eosta.  1 

Ve  felt  that  vapor  phase  reaction  vould  lead  te  exeeaelve  j 

localised  heating  and  that  alouds  of  KH4CI  produoed 
vould  be  hard  to  handle.  In  addition,  plant  equipment 
would  be  bulky. 
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4.  Temperature  rise  during  reaction  vas  to  be  held  to  5°  - 
10°0  partly  by  dilution  vlth  ammonia  and  partly  by 
external  oool lag  *1 th  Bill  voter. 

5.  tto  diluents,  either  liquid  or  gaseous,  vs re  to  bo  employed. 
An  Inert  gas  diluent;,  In  partleular,  oould  lead  to  exoesslve 
recovery  costs, 

6.  The  entire  oporatlon  yes  regarded  as  a  logical  adjunct  to 
an  existing  chlorine  plant  and  projected  recovery  prooosses 
were  based  on  chemioala  available  v.tthln  auoh  a  plant. 

A  cost  estimate  vas  prepared  for  a  plant  producing  1000  pounds 
per  hour  of  hydracslns  nt  90! <  efficiency.  For  1930  prloes  materials 
cost  vas  estimated  at  18.7  cents  per  pound  vlth  a  selling  price 
of  about  37  cents.  Capital  costs  seemed  to  be  In  line  with  those 
for  other  heavy  chemical  processes.  Laboratory  apparatus  vas 
designed  to  produce  0,1  pound  per  hour,  of  hydraxine  at  the  reaotor 
end.  No  attempt  vas  mads  at  this  point  to  test  the  feasibility  of 
projected  recovery  processes, 

3 o versa  reactor  designs  vere  tried;  the  final  one  is  shovn  In 
figure  1,  Reaction  ooourred  in  a  2"  hole  drilled  in  a  blook  of 
stainless  steel  1  Inch  thick.  The  front  and  rear  faces  of  the 
cell  vere  mode  of  4  1/2  inch  discs  of  1  inch  thick  Seroullte  glass 
vlth  0-ring  seals.  Chlorine  vas  metered  through  a  stainless  valve 
built  Into  the  blook,  the  spindle  projecting  just  inside  the  cylinder 
vail.  A  thin,  flat,  jet  of  ammonia  vas  fed  at  right  angles  to  the 
ohlorlne  Inlet. 

A  oimplif led  flov  diagram  is  shovn  in  Figure  2 .  Certain 
valves  used  for  safety  and  oonvenlenoe  have  been  omitted. 

Both  the  ammonia  and  ohlorlne  tanke  vere  Immersed  in  thermo¬ 
stats  to  develop  the  propor  vapor  pressure  ever  the  liquids. 

Armored  rotometers  registered  flov*.  Chlorine  vas  controlled  vlth 
the  valve  at  the  rcaobor  block,  vhile  ammonia  flov  vaa  controlled 
by  the  outlet  valve  to  the  reoovery  system.  Operating  pressures 
vere  from  180  to  250  pel.  The  ohlorlne  pressure  vaj  kept  about 
10  pel  higher  than  ammonia  to  prevent  baok-up  Into  tne  chlorine 
lines.  The  ammonia  tank  vat  made  of  carbon  steel,  the  rest  of  the 
system  of  316  stainless. 

The  reoovery  system  oonslstcd  of  an  insulated  chamber  (Devar 
type)  In  vhleh  aaaonla  expanded  to  atmospherio  pressure.  The 
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cooled  product  dropped  through  a  condenser  into  a  receiver)  inert 
gate*  wn  vented  through  a  aeoond  oondenaer  attached  to  tho 
rtoalvor.  Beth  condensers  and  raoalrar  vara  cooled  in  a  dry  loo  - 
acetone  alxfeuro.  Tho  apparatus  vaa  properly  armored  aad  vented  to 
protoot  operating  peraonnel. 

On  oonplotloa  of  a  run  ammonia'  vaa  removed  In  •  atlll  gi-tng 
aeparatlon  at  loaat  equivalent  to  one  therretloal  plate.  In  stoat 
oaeoa  tho  realdue  vaa  dissolved  In  voter  and  an  aliquot  taken  for 
analyals,  Sometimes  an  aliquot  of  the  concentrated  ammonia  solution 
vaa  reaovad  and  dtsaolved  In  dlluta  add  aad  the  resulting  solution 
analysed. 

Hydratlne  vaa  dataralnad  by  titration  with  iodate.  A  check 
analyaia  vaa  aiade  by  reduolng  silver  Ion  and  veighing  the  Oliver 
precipitate.  Beutalaclne  vaa  prepared  in  one  Instanoe  to  Identify  . 
the  reduolng  agent. 

Results 

Disappointing  yields  of  hydraalne  vero  encountered  unde-  all 
conditions  tried.  Results  are  auauaarlsed  la  Table  X. 

Table  X 


In  vlev  of  the  findings  of  Mattair  and  Slsler  that  chloramine 
roaota  alovly  vlth  excess  ammonia  it  la  possible  that  reaction 
tine  vac  lnsufflolont  In  theaa  axperimenta.  Our  operating  tempera¬ 
ture.  hovever,  vaa  aonevhafc  higher,  and  should  have  3od  to  faster 
reaction. 
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nitrogen  v«i  forswd  rapidly  In  tha  raaotlon  chamber  and  no  '* 
conditions  of  nixing  vara  found  vnich  pm  vented  tha  unwanted  aid* 
raaotlon.  An  analysis  of  tha  Inert  gas  with  a  nato  spectrometer 
showed  only  a  trao#  of  hydrogen,  there  was  newer  any  erldenqe  of 
nitrogen  trichloride  being  forced.  Heavy  natal  lone  were  preaent 
in  tho  offluent  from  tha  reactor.  Nickel  and  iron  were  identified. 
Kolybdonua  vaa  absent.  No  teet  for  oopper  waa  wade. 

No  attempt  waa  made  to  dilute  tha  ohlorine  with  a  solvent 
auoh  as  carbon  tetrachloride. 

Substitution  of  bromine  for  ohlorine  gave  a  slower,  s toother 
raaotlon  but  yielded  no  hydraslne. 


Miscellaneous Observation 


In  oonneotlon  with  this  project  certain  other  obaervatlone 
were  made. 


A  30 $  yield  of  hydra* to«  v%»  obtained  from  the  raaotlon  Of  15  g. 
0“  aemloerbnside  hjdroohioride  and  8ft  oo  of  anhydrous  ammonia 
heated  for  2  hour#  at  100°0  and  TOO  pel. 

Phony!  hydraslne  and  liquid  aactonla  failed  to  reaot  under  the 
above  conditions . 


A  mixture  of  3  g.  of  nitrobentene,  0.5  g.  of  NHsI  end  75  oo 
of  anhydroua  ammonia  boated  to  100°C  for  8  hours  did  not  show 
hydrazine.  This  experiment  wee  performed  to  see  whether  nitro¬ 
benzene  vould  oxidize  HI  to  lot  *nd  If  this,  in  turn,  would 
oxidize  ammonia  to  hydraslne. 

This  work  vas  supported  by  BuOrd  Task  KOL -13 -Re 2d -02-1, 


Muttair,  R. 
9-22  (1951). 


and  nisler,  H.  B>,  3.  Am.  Ohem.  Boo.,  U, 


P,^,pP?gI91 

Cr.  Noonan  asked  If  anyone  had  attempted  to  produce  hydraslne 
from  hydroxylamlne  and  ammonia ,  SOL  had  tried  the  reaction  with 
no  euooeee. 
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MR.  S.  V.  nmnw  {011a  Induatrlea,  Ino.)t  Vo  did  iom  vork  of 
a  preliminary  nature  Involving  the  reaction  of  aononla  and  hydroxyl- 
aaUne  to  uka  hydraalne.  The  reaulto,  hovever,  voro  negative, 

I  m  intereatod  in  tho  atatenent  that  you  ought  to  ha  ahla  1 
to  Mka  hydraalne  nheapor  from  hydroxy  lamina,  it  U  ay  in- 
prtaalon  that  hydroxylomlne  la  an  expensive  natarlal  at  tha 
preaont  tins,  z  thiuk  it  la  alsoat  aa  hard  to  aaka  aa  hydraaiao. 

•’•••v  ■■  v  ’ 

OR.  ROORAK i  .  It  con  bevnade  by  tha  oathodlo  reduo t lea  of  RO. 

I  believe,  It  oeena  to  aa  by  ualng  a  Oardner  typo  evil  you  ought  \ 
to  ba  able  to  got  hydroxylaralne,  and  vlth  tho  praaant  knowledge  1 
lu  tho  ohlorlns  industry  of  tho  liquid  onaonia  extraction  of  aodlun' 
hydroxide  you  ought  to  bo  able  to  git  it  out  oaaily. 


i' 
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SUMMARY  RJROOT  OH  AYAIUUam  A  HD  COST  OH  RYDRA2IHB 

by  • 

Russell  B.  Ooodaan 
Th»  Ralph  M,  farsons  Company 

'  v  ’  ■  \  \ 

Ate imi 

The  preseufc  produo 6 Ion  of  anhydrous  hydras In*  totals  about 
650  pounds  par  da y.  which  will  be  Increased  to  12,600  pounds  par 
day  early  this  spring. 

The  our rent  selling  price  Is  $*.50  per  pound,  vhloh  will  be 
induced  to  $2.50  per  pound  or  less  when  the  new  production  • 
faolllties  are  put  In  operation. 

The  modified  Rasohlg  process  offers  the  lowest  cost  established 
production  method,  and  will  aooount  for  about  95  percent  of  the 
total  produotlon.  The  tJrea-Hypoehlorlte  proooes  will  supply  the 
balance., 

Au  estimate  of  absolute  minimum  produotlon  cost  In  Government- 
operated  plants  utilising  the  Raeehig  process  at  a  rate  of  50  tons 
per  day  Indicates] 

1.  A  cost  of  30.54  per  pound  if  all  raw  msterlale  are 
supplied  at  ooet  In  Government-operated  plants. 

2.  A  oast  of  46. psr  pound  If  raw  uutexvtuls  are  pur¬ 
chased  at  market  prices. 

•  «  • 

It  is  apparent  from  the  papors  which  have  been  given  In  thle 
Symposium  that  a  great  deal  of  research  work  has  been  done  la  the 
attempt  to  develop  a  process  for  the  produotlon  of  anhydrous 
hydraslns  at  a  lover  cost  than  the  existing  aommerolal  processes. 

Some  of  this  work  may  ultimately  succeed  In  this  objective; 
however,  at  the  present  time  all  of  the  ootmnerolal  produotlon  of 
hydraslns  Is  divided  about  equally  between  the  modified  Rasohlg 
prooess  and  ths  urea-hypoohlorlts  process. 
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Tii»  present  production  total*  about  650  pounda  par  day,  but 
Additional  plant  facilities  arc  now  under  construction  whloh  will 
increase  this  to  about  18,600  pounds  par  day  by  aarly  this  spring, 
at  which  time  the  Raaehig  prooass  will  aocount  for  approximately 
95  percent  of  the  total  produotion, 

Tba  ourrant  selling  price  for  anhydrous  hydraslne  la  about 
ilf.SO  per  pound  in  stainless  steel  drums  at  the  plant*  However* 
it  is  vstlmated  that  after  the  new  facilities  are  put  in  opsration 
the  price  can  be  reduced  to  about  $3.50  per  pound  at  the  Lake 
Charles  plant  of  Mathiesen,  and  at  the  Newark,  New  Jersey  plant 
of  Fairmont . 

In  the  spring  of  1950  The  Ralph  M,  Parsons  Company  oompletad 
a  study  under  tho  sponsorship  of  the  Navy  Department  Bureau  of 
Aeronautics  to  determine  vhat  processes  could  b*  employed  and 
vhnt  the  minimum  ooat  would  be  If  the  Government  required  hydraslne 
in  large  quantities. 

>  .  '  i 

■  •  '  •' 

Bay  Material  Costa  —  The  ray  material  ousts  are  determined 
on  tvb oases ,  The  most  desirable  from  the  hydraslne  oost  stand¬ 
point  io  whore  an.uonla,  chlorine,  caustic  ana  ur*a  are  produced 
in  Oovernmiht  plants  and  charged  to  the  hydraslne  plant  at  dost, 
and  this  has  beon  designated  as  Case  A.  These  rav  material  "costs" 
would  include  all  manufacturing  costs  and  normal  plant  depredation 
but  no  general  overhead.  Interest,  sales  expense,  income  tax,  or 
profit.  To  actually  realise  this  low  cost  rav  material  souroe 
would  require  the  construction  of  Oove masnt  ohlorlne,  oaustlo, 
and  ammonia  facilities.  Sulfuric  sold  and  glue  are  not-  considered 
eritloal  items  and  oould  bs  purohased  on  the  open  market. 

The  other  cast,  designated  as  Case  B,  assumes  that  all  raw 
materials  would  be  purohased  et  prevailing  market  prioea. 

Freight  Is  eatluatad  at  $5.00  par  ton  on  ammonia,  urea,  and 
aulfurlo  sold  only,  with  no  freight  charged  for  ohlorln*  or  oaustlo 
This  Is  also  an  average  condition  between  a  completely  Integrated 
plant  and  an  Isolated  hydraslne  synthesis  unit. 

Utilities  - <  The  primary  utility  is  natural  gas  for  steam 
generation. The  steam  oost  is  not  determined  separately  sinoe  the 
steam  plant  investment  and  the  operating  oost  are  inoluded  as  part 
of  the  overall  hydraslne  plant.  The  same  is  true  for  water  oost. 

No  oharge  ia  made  for  raw  vater.  but  the  oost  of  treating  makeup 
cooling  vater  and  boiler  vater  is  shown.  It  is  assumed  that  the 
small  amount  of  eleotriolty  required  will  ba  purohased. 
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Processing  and  Wou-Proooaslng  Posts  --  These  are  baaed  on  the 
estimated  labor  and  supervisor/  foroei required  end  the  operating 
conditions  anticipated  for  thla  type  operation.  The  itea  "Mis¬ 
cellaneous"  lnoludos  general  engineering  and  maintenance,  office 
auppliea  and  exponses,  medical,  fire  and  security  protection, 
etoros  and  salvage,  transportation,  Janitor  servioe  (outside 

?rooessing  area),  aovlng  and  living  expanses  of  employees.  Mala* 
enaaoe  of  grounds  and  roads,  non-operating  vehlolea,  and  laboratory. 

Aaort Ration  —  Amortisation  is  taken  at  10  peroeat  per  year 
la  Case  A  and  so  peroent  per  year  la  Case  B,  The  resulting  dollar 
figures  are  therefore  higher  than  the  reserve -for-deprsoiatlon 
figure  of  pOrhnpa  7  percent  per  year  vhloh  vould  be  used  In  normal 
accounting  procedures.  Itovaver,  one  of  the  primary  purpose*  of 
the  dost  estimates  in  this  report  is  to  determine  the  cost  of 
hydratlna  to  the  Government  should  it  beooae  involved  In  the 
manufaoture  of  thla  snturlal  for  military  use.  Since  hydro sine 
thus  far  hay  no  large  soale  non-military  use,  it  ia  believed  that 
more  realistic  cost  figures  vlll  be  obtained  by  including  in  thee# 
oosta  the  affects  of  Amortisation  at  10  peroent  and  20  peroent 
per  year  rather  than  the'  lover  normal  depredation  figure*  vhloh 
are  used  for  ammonia  and  chlorine -caua tic  plants,  the  products 
from  vhloh  are  in  large  scale  pcaoe-tlm*  demand. 

By-product^ Credit  —  Both  the  Raachlg  Aaaoaolysls  and  the 
tJrea-Kvpbohlorit'e  Amiiionolysis  processes  vill  yield  a  oomnoroially 
saleable  ammonium  sulfate  by-product.  The  Urea-Hypoohlorite 
Asmoaolysla  prtwaus  vlll  also  yield  a  cel cable  28  percent  aqueous 
aniKonlft  solution  as  vill  the  Orva-Hypeohlorite  Qauutio  Dehydration 
process.  The  oredlt  for  these  by-product*  i*  connqrvativoly  taken 
at  about  one -half  of  the  present  market  value,  or  f20  per  ton  for 
ammonium  sulfate  and  W2  per  ton  (anhydrous  basis)  for  the  28 
percent  aqueous  ammonia.  Balt  (sodium  ohlorlde)  1s  produced  *e 
a  by-product  In  the  Raeohig  Ammonolysls  proooss,  and  a  sodium 
ohlo rid* -sodium  carbonate  mixture  is  produced  in  the  tvo  Urea- 
Hypoqhlorite  processes.  The  oout  of  reoovery  and  purification  of 
theae  materials  is  estimated,  to  he  more  than  the  sole  value,  hence 
no  by-product  orodlt  la  alloved. 

Wot  Included  •—  The  cost  of  producing  anhydrous  hydra sine  as 
determined  in  this  roport  does  not  inolude  head  office  salaries 
and  expenses,  processing  royalties,  lntsrsst  on  vorking  capital, 
interest  on  plant  investment,  sales  expense,  inoome  tax,  or  profit* 

This  study  brought  out  the  following  oonolueionsi 

1.  At  the  existing  state  of  development  the  Raeohig  prooeee 
oould  produce  hydraslne  at  a  lover  ooet  than  any  other 
prooees. 
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2.  A  minimum  ooot  of  about  87 4  per  pound  of  anhydrou*  h7<ira- 
clns  sould  bo  reallxed  if  all  raw  notorial*  could  bo 

.  supplied  fro*  Oovemnont  plant  a  and  ohargod  to  tho 
hydraoino  plant  at  ooot. 

3,  Tho  produotion  of  hydra olno  by  tho  urea-hypor,hlorit# 
prooooo  waa  about  10^  per  pound  higher  than  tho 
Jtaoohlg  prooooo  in  1 ergo -scale  plant*, 

Boenomio  oral nation*  woro  made  on  tho  baolo  of  varioua  prooooo 
unlto  deaigned  for  50  tono  of  aahydrouo  hydraoino  por  day. 

These  data  aro  presented  In  Tobies  1/  2A>  SB.  and  80. 

Throo  dlfferout  method*  for  tho  dehydration  of  tho  hydrailno 
hydrato  aaeotropo  ve.ro  otudlod  and  It  vao  ooneludod  that  cauatlo 
dehydration  and  aseotroplo  dehydration  voro  about  equal  on  a  ooot 
baolo.  vhilo  aamonoljrole  of  hydraoino  aulfato  vao  oouavhat  oioro 
cootly  and  introduood  problem*  of  by-proauot  diopooal. 

Then  relationships  are  oheva  in  Table  5. 

Tk«i  ,  Ammi 

Tho  produotion  of  hydraoino  by  tho  urea-hjrpoohlorite  prooooo 
la  eotoevhat  simpler  than  by  tho  Raoohig  prooooo  in  tho  roopoot  that 
solid  uroa  oan  bo  otorod  and  roaotod  at  atmoopherio  proosuro  vhilo 
liquid  ammonia  require a  proauuro  equipment.  However,  it  is  a  more 
oootly  prooooo  booauso  of  tho  higher  ooot  of  uroa  than  ammonia  and 
booauoo  It  require*  no re  oauotio  soda. 

A  ooot  oonparloon  of  tho  tvo  prooooo#*  1*  given  in  Tablo  5. 

?.f  ftaUMtuUi 

The  awmonolyolo  of  romloarbaoldo  appears  to  offor  an  attractive 
means  of  produoing  hydraoine.  Although  there  io  no  oonaoroial 
produotion  of  hydraoine  by  this  prooooo.  it  may  be  of  interest  to 
present  an  estimated  ooot  comparison  vlth  tho  Raoohig  prooeoo, 

gaaalMilMU. 

If  hydraoino  It  t n  bo  produoed  by  tho  Raoohig  prooooo  in 

Quantities  of  50  tono  por  day  or  more,  tho  unit  oosto  corrected 
rom  tho  1950  index  to  November  1959,  would  bo  aa  follows t 
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MR*  J*  MR.  JOSEPH  D,  CHRISP,  MR.  HARRT  ».  OORM1RO, 

ER.  EVAN  0.  NOONAN,  AND  MR.  RUSSELL  GOODMAN  * 

\ 

Tha  meoh4nlsa  you  had  on  the  slide  lndloatod  that 
tho  ®a6eplally  to  the  modification  of 

?„?  y  ,  d  intermediate  stops,  yet  you  find  that  although 

unftff2«?!nls  ProBuaw'1, t0  be  removed  by  roaotions  tha  yield  is 

thinkRthnf ?yNJ,fN(}  (lllinole  Institute  of  Technology)*  x  don't 
Sh*”*  particular  reaction  is  Important  under  our  conditions. 

*  P ®  P5s“lblllty  but  actually  the  hydrogen  atoms 
aro  largely  destroyed  there.  That  Is  to  aay,  if  you  look  at  it 
h^n^*J0n8i<,0p.th0  infinitely  high  Wrat^y^  huv- 

CXOont  ^fclia^vnll  "““Oea  *  H  ,2'^**'?  19  n°  °th0i'  Pln0Q  f°r  thom 
nunnii,b  ?vValK they  did  not  react  vlth  hydrasino.  Oonoo- 
<iu  ntly,  the  wall  then  becomes  unimportant.  It  la  only  when* 

thlsVwould°nffoot  Kth  ?°™?h^hsr  Soaoss  thafyoS  SS&fJS* 
tiiat  u.i.ij  erfoot  It.  It  the  wall  is  competing  with  hydrasino 

tion  n£n**««*  t£uo  ?ooaHae  iu  bha  0a88  where  you  have  abstrao- 
f0,’ming  Hg,  then  that  would  beoomo  true,  but 
aS  vo  V8ry  hl«fi  *ates  the  wall  doeo^t?  as  far 

hSmmtT--  o0oi;tribute?  ^  thl‘  Wlth  *  °' 

VOICE)  Klnotloally  speaking,  that  reaction  does  not  exlet. 

t0'*  at  it  this  way.  suppoae  you  write 
hydj’oaen  aild  yca  8et  100  poroent  liydraslno  and  you  get 

not  St  with  W!rJ?n.th0  3iydr°e*n  molecules  form  if  they  f0 

SSl!h£S6*«.ri “?”«  “ 

thatPls  true.16h  lu“",onla  aa  a  third  body,  but  wo  don't  belleva 

nr  *  P°int  that  we  are  not  sure  about.  This  nroblem 

of  the  heterogenous  process  pussies  us  a  areat  d«i  °?« 

SWBSSi  MSV" 11  ■i'SSAJX .. 
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VOICE:  The  reason  I  aok  la  that  out  la  to  inorease,  tha 
othap  decrease,  It  would  seem  peculiar,  therefore,  that  you 
should  have  found,  If  thla  meohaniem  that  you  described  la 
oorroot,  that  large  an  Increase  if  the  surface  volume  ratio 
la  aa  you  aay. 

IB0FB330R  GUNNING:  I  agree  with  you,  These  are  tha  faeta 
though, as  far  as  1  know  then, 

DR.  PH  ED  VON  Iffi33£RT  (Fairmount  Chemical  Oo.,  Ino.)i  la 
the  azetropio  dehydration  of  hydrazine  vh&t  la  the  over-all 
loss  of  aniline  per  ton  of  hydrazine  produoed? 

MR.  NIC0IAI3EN  (Mathisaon  Cheraioal  Corporation):  Thla 
queatlon  will  bo  answerable  only  after  commercial  production 
of  hydrazine  la  begun,  Theoretically,  the  loos  should  be  nil, 
ainoe  aniline  lo  completely  stable  under  the  conditions  of 
operation.  However,  actual  loss  will  depend  upon  tho  efflolenoy 
with  which  the  aniline  oan  be  recovered  from  the  waste  water, 
and  upon  the  handling  losses.  Pilot  plant  operation  does  not 
auouratoly  pin  either  of  those  factors  down.  In  any  event, 
the  loss  of  aniline  anticipated  In  the  plant  does  not  contribute 
appreciably  to  tha  production  cost. 

DR.  VON  HES3ERT:  you  must  have  some  figure  to  base 
your  loss  on. 

MR.  NICOLAISBN:  As  I  say,  we  have  no  aotual  basis  for 
proving  the  loss, 

THE  OHAlRMANi  I  would  just  like  to  oautlon  you  who  enter 
i the  diaousalon  that  you  will  have  to  correct  the  stenotype 
reoord.  Wo  would  appreciate  It  If  you  would  make  your  remark* 
aa  loud  as  you  oan. 

MH4  MIWFR  STEINBERG  (Guggenheim  Bros,):  I  would  like  to 
ask  Dr.  Gunning  what  concentrations  of  hydrazine  vere  obtained 
In  Ills  experiments.  Is  there  any  Indication  aa  to  a  theoretical 
maximum  possible  concentration? 

PROFESSOR  GUNNING:  Now  tho  concentration  of  the  hydraalne 
In  tho  reaction  zone,  of  course,  affects  the  extent  of  doooapo- 
eltlon.  Aa  you  soalo  up  tha  unit  one  of  the  things  you  do  and 
tha  reason  we  are  doing  It,  la  to  Inorease  the  actual  extant  of 
the  decomposition. 

I  think  the  orux  of  the  whole  thing  lies  In  this  —  oan  ve 
inorease  the  amino  radical  oonoentratlon,  therefore  the  hydra- 
sine  concentration,  and  still  maintain  the  same  ove/-all  yield. 
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in  other  word*,  you  muat  reallae  that  In  till*  prooaaa  at  thl* 
rt&ga  thar#  la  no  praoadant  for  fchli  typa  of  work.  Th*rGf'-.ro, 
w*  don't  aoala  up,  that  la,  at  laaafc  to  vhara  Mr.  Goodman  can 
do  lb  baoauaa  of  tha  graat  daal  of  induatnal  know-how  and 
praoadant.  Thar*  la  nona  in  thlaj  oonaaquantly,  wo  don't  know. 

What  wa  ara  doing  now  la  lnoraaalng  tha  light  intensity, 
tharafora  lnoraaalng  tha  oonoantratlon  of  hydraaina.  you  *aa, 

In  tha  total  amount  formed,  to  aaa  It'  va  oan  aalntain  by  a 
faotor  of  100  a  quantity  yield.  Va  hava  raaaon  to  believe 
wa  hava  lnoreaaaa  tha  yiald  undar  thoaa  condition*  baoauaa  va 
oan  gat  hlghar  flow  rata*. 

MR.  STHNBZRO:  What  ara  tha  valuai  of  tha  atatlonary 
oonoantratlon*  of  hydraaina? 

PROFESSOR  OUNRINO:  They  ar*  axtramaly  lowi  va  ara  only 
daooapoalng  about  0.1  paroant  of  tha  aaaonla,  Undar  our 
condition*  tliat  la  United  by  tha  light  lntanalty.  A*  wa  *oal* 
It  up,  w*  will  lnoraaa*  that. 

TNI  CHAIRMAN:  Anyon*  ala*? 

DR.  1UOKR1  MILLER  (Radaton*  Araanal):  1  have  a  general 
quaatlon  on  the  problem  of  dehydration  of  hydraaina.  I  wonder 
if  anybody  haa  oonaldarad  the  poaalbtlity  of  operating  tha 
dlatlllatlon  at  lower  tanparaturaa  and  praaauraa  In  order  to 
break  the  hydraaina  aaaotropa,  Theoretically  thar*  1*  a 
poaalblllty  and  It  oan  b*  don*. 

MR.  CLIOOi  W*  hava  given  It  brief  oonilderatlon  thoorat- 
loally  and  find  there  la  Uttla  point  In  going  to  lower  praa¬ 
auraa.  Thar*  la  aom*  indication  that  a  break  >uld  be  obtained 
at  about  10  atmoapharaa,  but  aa  far  aa  I  know,  no  experimental 
work  haa  boon  dona. 

MR.  DANIIL  B.  MURPHY  (Ploatinny  Araanal):  I  would  Ilk* 
to  aak  Dr.  Noonan  whether  the  cnlorlne  and  aaaonla  uaad  war* 
of  oommarolal  purity? 

DR,  NOONAN:  Yau,  they  war*.  That  la  what  you  would  ua* 
ordinarily.  Actually,  they  did  go  through  on*  dlatlllatlon, 
baoauta  v#  dlatlllad  than  Into  our  raoalvara,  and  mt  have 
purified  than  allghtly.  W*  didn't  Intend  to  do  It,  however . 

THE  CHAIRMAN i  Mr.  Nloolalaan,  do  you  want  to  comment  on 
tha  quaatlon  by  Dr.  Millar  of  Radaton*? 

Ml.  NICOIAtSIN:  No,  ulr. 
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MR.  M.  T.  DUNHAM  (Wright  Air  Development  Center):  I  had 
a  comment  on  tho  Hadstone  question,  Wo  ran  the  distillation  down 
to  10  millimeters.  It  didn't  change  the  aseotropo  composition 
appreciably . 

THE  CHAIRMAN ••  Anyone  else? 

OR.  A.  M,  HALL  (Hercules  Powder  Company )t  I  am  curious  to 
know  whether  the  tathloson  pooplo  regard  tha  rarsons  figures  as 
u  reasonable  goal,  for  that  sonic  produotlon. 

THE  CHAIRMAN t  Which  figures,  A  or  B? 

DR.  BALL'  Either  one. 

DR.  TROYAN  (Mat.hleson  Chemical  Corporation)!  I  might  3peak 
for  Methluson  under  advisement. 

I  bollovo  the  higher  figures  that  were  ohown  are  more 
rouliotlc.  It  l*  a  rat.hor  aynthotiu  caao  whore  everything  is 
uianufaotured  by  l. ha  Government  at  no  profit,  starting  with 
coal,  air,  water  and  salt.  I  bel.lovo  that  the  $0.50  a  pound 
price  is  a  rough  figure  .that  in  our  economic  evaluations  looks 
attainable  at  this  scale  of  operation. 

OR.  BALL i  Did  you  mean  the  plant  that  you  are  building 
now  Is  for  50  tons  a  day? 

MR.  TROYAN:  Six  tons  a  day. 

THE  CHAIRMAN!  If  I  may  abusa  one  of  the  duties  of  the 
Chairman  not  to  make  gratuitous  comments,  I  would  Ilka  to  say 
Unit  this  highly  controversial  mattor  of  profit  or  no  profit 
to  the  Government  1st  tied  up  with  return  on  the  money  that  Is 
uaotl.  Actually  I  think  we  oonfuse  figures  of  no  profit  with 
figures  of  no  profit  plus  no  charge  for  tho  oarltal  that  Is 
used.  That  Is  something  I  certainly  would  like  to  uoo  olearly 
defined  In  figures  of  this  type. 

I  think  wo  can  fool  ourselves  by  looking  at  capital  figures 
and  coat  figures  whore  actually  the  Government's  costa  are  not 
all  lu.  Tho  Gov  or  muon  t  doesn't  get  money  for  free  any  more  than 
anyone  oloo  does. 

DR,  W,  E,  LAW30N  (E.  I,  du  Pont  do  Nemours  &  Company)!  A 
man  can  always  comment  on  that,  I  suppose,  and  indeed  I  should 
like  to. 
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the  ooata  la  question  carried  nothing  for  working  capital, 
even  for  ereotloa  of  the  plane.  Surely  one  has  to  pay  the 
laborer  before  the  money  for  the  operation  cornea  la. 

Furthermore,  there  must  he  an  amount  auf fie  lent  for  thirty 
or  thlry-fivo  day#'  operation,  This  la  a  portion  of  your  capital, 
and  it  la  act  tnoluded  in  the  summary, 

TEH  CBAIRMaNi  Xo  vorleiag  capital.  In  other  words? 

DR.  UwaoN!  Wo,  none  whatsoever  vaa  Included,  j  notleed 
the  prices  for  electricity,  which  wore  dovn  aa  low  ae  5  alia. 
There' la  no  pluoo  In  the  CTnltetl  States  where  ;sew«r  oan  be 
obtained  at  the  present  time  at  thin  figure,  with  the  possible 
exoo.ptlon  of  TVA,  which  does  not  inolude  the  entire  costs. 

Vtthout  Including  tho  entire  capital,  there  la  no  way  of 
oaloula*  lag  return,  and  it  la  neooscAry  to  gob  i\  return  on  the 
Investment ,  whichever  r.r:fco  is  uood  for  calculations.  Further¬ 
more,  thle  includes  all  nfcarf.  ins  materials,  and  I  note  that 
these  were  at  coat  without  return.  I  would  suggest  that  we 
look  at  them  with  a  Jaundiced  eye. 

THS  CHAIRMAN i  Mr.  Goodman,  you  are  entitled  to  rebuttal. 

MR.  GOODMAN t  Dr,  law o on  undoubtedly  knows  more  realistic 
figures  about  profits  onu  losses  than  I  do.  They  were  based 
on  1950  IV3  u  minimum  o«  instructions  from  our  agonoy,  tho 
Bureau ' of  -Aeronautics.  Vo  were  to  oaloulato  n  nrlnl«ua  figure 
with  no  profits.  1  would  gr«nb  they  nay  not  be  renlistio  today. 

Tlffl  CHAIRMAN »  Ve  oouid  find  common  agreemont  that  they  are 
minimum  figures, 

HR.  GOODMAN!  They  are  ucutostionably  minimum  figures. 

MR,  V.  ft.  BONNETTE  (Kathies on  Chemical  Corporation)!  Mr. 
Goodman,  you  didn't  cay  vhether  10-year  amortisation  or  20-year. 
Vaa  it  20  years  in  case  "B"? 

itH.  QOODKANi  10  percent  per  year  or  20  percent  per  year. 

THE  CHAIRMAN}  IC-yuar  end  S-yca*  periods. 

DR.  J,  F,  HALLER  (Mathleaon  Chemloal  Corporation)!  I  would 
Ulco  to  a  ok  Dr.  Cunning  vhather  he  has  over  exocoded  th’s  eppro*- 
imate  oonvoraion  of  tho  0.2,  «r  thereabouts,  peroont  of  the 
ammonia.  I  ouspoct  there  Is  a  oeilias  there  that  I  would  be 
Interested  in  having  explained. 
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PR0FZS30R  OUJVNINOi  Actually  the  fact  of  the  matter  la 
vo  aro,  as  I  said  before,  limltod  by  our  light  intensity.  Wo 
have  to  maintain  a  certain  linear  flooring.  You  boo,  vo  want 
to  have  a  complete  set  of  data  la  one  reactor  to  Weep  everything 
the  aawa. 

This  quest  Ion ,  X  hope  to  be  able  to  soever  for  you  vlthio 
About  one  aonth.  I  can  give  you  an  experimental  answer  to  this 
question,  but  X  don't  feel  any  other  answer  has  any  moaning  as 
It  stands  now.  As  1  say,  J  feel  that  thin  is  one  of  the  moat 
ootnplox  reactions.  In  photolysis  nobody  agrees  with  anybody* 

Wo  only  male  our  asohanisa  to  fit  our  particular  apparatus. 

X  think  It  can  bo  dons,  let's  put  It  that  way.  X  am 
sufficiently  encouraged  by  what  we  have  got  up  to  thie  stage, 
the  extent  of  decomposition,  maintaining  the  same  flow  rate*  . 

I  think  that  vo  can  go  farther.  That  la  a  big  question,  X 
would  grant  you. 

THE  CHAIRMAN i  Anyone  else? 

DR.  HOORAH j '  The  Mathleeon  figure  bn  power  per  pound  of 
hydrazine  must  bo  around  6  kllovatta.  Is  that  right? 

HR.  TROYAN 1  I  don't  believe  we  have  the  data  right  at 
hand.  That  probably  sounds  in  the  right  range. 

DR.  NOONAN :  I  Just  want  to  point  out  Dr.  Sunning  has  on 
awfully  long  way  to  go.  Down  to  6  kilowatts  la  quite  a  long 
way. 


PROFESSOR  GUNNING i  I  would  like  to  point  out  other  things 
In  my  own  dorense.  What  X  based  it  on  was  the  power  require¬ 
ment  of  100  kilowatt  hours  per  pound.  As  It  stands  now  It 
Is  a  most  conservative  estimate. 

When  comparing  the  Raaohlg  Prooeos  ve  are  dealing  with 
anhydrous  ammonia.  We  go  to  anhydrous  hydrazine.  Ve  have 
not  the  elaborate  rsoovery  ooet  associated  vlth  the  Raaohlg 
Process,  as  ve  will  see,  I  argue  this  will  be  the  determining 
faotor.  We  have  a  leeway  that  ve  can  move  up  to  a  yield  of 
one,  at  least,  Nov  ve  think  ve  can  lnaroase  this.  Every  time 
ve  Increase  from  .1  to  .2,  say,  ve  out  It  down  from  100  to  50* 

There  la  a  great  deal  of  exploration  work  that  has  to 
be  done  on  a  semi-pilot  soale  vlth  large  reaotors  and  high 
flow  rates,  but  this  will  be  the  determining  faotor.  There 
are  a  tot  of  material  costs  that  odme  Into  the  Raaohlg  Process 
that  ve  haven't  got. 
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That  Is  the  only  reason  vo  feol  encouraged  la  going  on, 

DY.  NOONAN:  Veil,  egaln,  X  think  lor  every  10  kilowatts 
of  ppver  you  use  up  you  have  got  to  give  up  so  cany  pounds  of 
aluminum  or  ao  many  pounds  of  chlorine  or  ao  many  pounds  of 
calcium  carbide,  and  as  x  pointed  up  before,,  power  plant 
facilities  are  not  quickly  expanded  in  war  clue.  You  can  put 
In  cells  rapidly]  you  can't  expend  a  paver  plant  In  short  order, 

MR,  OOODMANt  I  might  point  out.  Dr.  Noonan,  putting  In 
chlorine  calls  also  requires  power, 

DR,  NOONAN!  I  mean  thlai  You  oan  put  In  a  cell  „■  but  you 
oan't  build  the  poverplant  for  It, 

MR.  CIEGGj  . r  don't  want  to  enter  into  a  controversy, 

Howvvvr,  recovery  costs  of  hydraxina  from  oonoontr&tloos  of  a 
fraction  of  ono  percent  In  ammonia  may  be  as  much  as  tho  recovery 
ooat  of  tho  hycraslne  in  the  Hasohlg  process.  They  are  substan¬ 
tial.  X  boliove  that  Mr.  Goodman  will  bauk  me  up  on  that. 

-  MR.  GOODMAN i  It  is  very  true. 

MR,  P.YKEH  (01  in  Induafiries,  Xne.)i  X  want  to  ask  a  ques¬ 
tion  which  is  In  direct  lino  with  Mr.  Olagg's  comment.  I  want 
to  aak  Dr.  Ounnlng,  with  only  one-tenth  of  1  puroent  conversion, 
tuero  will  bo  something  less  tiian  one-tenth  of  1  percent  of 
hydraalne  lu  tho  ammonia,  I  think  you  are  going  to  have  diffi¬ 
culty  finding  it.  How  do  you  aspect  to  gat  it  out  of  the  ummonlat 

rROFESSOR  GUNNING i  Simply  by  oondenslng  the  ammonia.  In 
other  words,  you  have  your  refrigeration  unit  (shore.  As  you 
pump  out  ammonia,  hydraslne  Is  coming  down  with  the  ammonia  and 
oonoentratlng. 

MR.  RYKERi  At  what  pres surest 

PROFESSOR  GUNNING!  Vs  havs  operated  at  a  large  number  of 
preseures.  As  a  mattsr  of  fact,  va  have  ojqjlored,  as  I  say, 
quite  a  range  of  pressures.  Ve  could  go  up  on  atmospheric 
preeauroe  without  any  trouble.  We  have  been  working  at  lower 
pressures  recently  beoause  we  vere  interested  in  the  problem  of 
ohanglng  quantities,  but  any  pressure  from  10  millimeters  up 
to  atmoapherlo  can  be  dons  at  convenience. 

MR.  RYKERt  Then  your  entire  system  will  have  to  be  a  low 
temperature  system,  -30  degrees  7.  or  lover. 
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VR0FE330R  OimNIHO?  For  the  reoovery,  the  whole  thing  l»  * )  ‘ 

dose  at  low  temperature.  In  freealng  the  ammonia  700  twee  to  \ 

liquefy  the  ammonia. 

I  won't  argue  about  that.  You  people  are  much  more  competent 
than  I  am,  I  am  juat  a  university  professor. 

KR,  CALK  (Mocord  Corporation)!  I  would  Ilka  to  addreaa  thla 
question  to  Sr,  Noonan, 

Sid  eubsoquent  work  by  othor  Invert igatora  Indicate  that 
tho  process  dosorlbed  la  your  paper  was  thermodynamically  out 
of  the  question?  . 

SR.  NOONAN*.  Referring  to  tho  asimonla-ohlorlne  reaotion, 
no;  I  think  Mnttair  and  3isler  go  ;  about  30  percent  yield. 

Hovovor,  thoy  did-  It  In  two  oteps.  They  allowed  the  umnonla 
and  ohlorlno  to  react  in  the  vapor  phase  and  held  it  In  the 
chloramine  form  at  low  temperatures  to  oontaot  the  ammonia  at 
-70°0.  for  several  houro,  Apparently  thla  reaotlon  la  rather 
alow. 

MR,  CALM:  The  reason  I  bring  that  queatlon  up  it  the  dnolgn 
of  the  reactor  which  you  ohbved  is  perhaps  only  a  sohemutio 
representation.  I  wondered  whether  the  method  by  vhloh  you  1 

Introduced  your  stroaus  might  not  have  produood  affeoto  similar 
to  that  found  in  the  Hiiaoh  tube.  . 

SR.  NOONANi  What  1*  that? 

MR.  QALEi  That's  a  tube  In  vhloh  gases  are  introduced  1 

tangentially  at  high  pressures  and  volooltles  and  the  resulting  i 

effect,  whiis  not  thoroughly  desarlbed  yet  by  anyone,  produces 
a  oold  atroam  on  one  aide  and  a  hot  stream  on  the  other  side. 


SR.  NOONAN:  I  am  sure  under  no  circumstances  oould  this 
have  happened  In  our  apparatus}  eoao  of  the  runs  wora  at 
extremely  low  flow  rates. 

THB  CHAIRMAN:  This  will  ha  our  final  question. 


SR,  HARRY  H.  3ISXJB  (Ohio  State  University ) 1  I  think 
that  I  should  make  some  remarks  about  this.  We  hoped  to  present 
a  discussion  to  this  group  but  It  did  not  seem  Just  quite  the 
thing  to  do  at  the  time. 

I  would  like  to  say,  however,  that  the  work  reported  In 
the  paper  vhloh  you  quoted,  Sootor,  has  been  continued,  and 
the  reaulta  obtained  have  been  Improved  considerably  to  put  It 
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mildly,  and  that  tne  30  percent  yield  is  •  very  email  figure. 

As  I  e»7,  I  vleh  that  t  could  give  more  information  but  I 
can't  nt  this  time,  but  that  la  not  to  be  ooneidered  eonethlng 
tried  and  failed. 

THE  CHAIRMAN i  Ve  will  loolt  forward  to  a  contribution  from 
you  at  eome  future  symposium. 

It  It  time  for  lunoh.  I  want  to  thank  tho  partloipante 
of  this  raornlng'e  eoseion.  Wo  will  have  a  new  chairman  this 
afternoon. 


AFTERNOON  CESSION 
C  Eobrtiary  1933 

CHAIRMAN,  DR.  EtJfJENH  LI2BKR 
U.  S.  NAVAL  ORDNANCE  TEST  STATION 

THE  CHAIR MAN j  Tho  mooting  should  stare  promptly.  We  have 
a  larfe  number  of  papers  to  oover.  Tho  firnt  speaker  le 
snhoduled  to  take  off  at  1400. 

The  next  pliaue  of  our  conference  aonaerno  iteolf  with 
"Properties  of  Hytlrasine  and  liydraslns  Systems."  For  the  after¬ 
noon  seaulon  wo  will  oonaidnr  various  phaaec  of  physical  ohemiatry 
of  hydi'nsslne,  olioraioal  probloms,  analytical  problems  and  safety 
and  handling  and  toxicity. 

In  order  to  end  tho  afternoon  session  at  a  roaaonablo  period 
for  the  number  of  papers  and  tho  disoueeion  ve  should  got  out 
of  thooo  paper# ,  and  In  fairness  to  all  of  tho  upeakero  thie 
afternoon,  i  would  suggest  that  eaoh  of  tho  speakers  try  to 
restrict  his  own  presentation  to  approximately  fifteen  ainutea, 
Doponding  on  the  length  of  the  disouasion,  we  oan  allow  for  a 
plue  or  mlnue  five  minute*. 

As  in  our  morning  session,  we  will  present  each  group  of 
papers,  followed  by  a  discussion.  We  will  otart  off  promptly. 

The  first  paper  is  on  tho  "Thermal  Analyslu  of  Hydraalne 
Syetom*,  a  contribution  from  the  Naval  Ordnanoe  Test  atation, 
by  Jane  M.  Corooran,  N.  Oglaaohl,  Howard  W.  Kruse,  Sol  Skolnilc, 
and  myeelf,  Sol  Skolnik,  as  most  of  you  know,  Is  now  looated 
at  the  Naval  Powder  Factory,  Indian  Head,  Maryland.  Tha  paper 
will  be  presented  by  Sr.  Kruse. 
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THKPMAL  ANALYSIS  OF  30MS  HYDRAZINE  SYSTEMS 
»>7 

Jane  M.  Corcoran,  R.  Oglaaohl,  Howard  V,  Stub*, 
Sol  Skolnlk  ana  Eugene  Lieber 
jjt  S<  Koval  Ordnano#  Tact  Station,  Inyokern 
Presented  by  Sr,  Howard  W,  Kruse 


A.58CTAM. 

As  a  part  of  an  Investigation  of  lov-frasslng  fuel  Mixture* 
containing  hydrazine,  phase  diagrams  of  a  number  of  binary 
systems  wore  determined.  These  included  hydra* lne  vith  aniline, 
mothanol,  othanol.  n-prep?l  aloohol,  Isopropyl  aloohol,- allyl 
aloohol,  propargyl  alcohol,  and  5-Miinotetraaole,  The  ternary 
system  hydrnalno  nltrata-vatsr-hydraslne  also  vaa  Investigated 
by  moans  of  thermal  analysis  and  a  phase  diagram  was  oonetruoted 
from  these  data. 


During  the  past  several  year*  there  has  been  a  growing 
Interest  in  the  uoo  of  anhydrous  hydraslne  as  rocket  fuel.  The 
favorable  properties  which  recommend  It  are  well  known.  Among 
these  are  high  specific  Impulse)  low  vapor  pressure,  low  flame 
luminosity,  and  smokeless  exhaust.  With  oommonly  used  oxidants, 
sqoh  as  RFNA,  IOTA,  or  hydrogon  peroxide, hydrogen  Ignites  spon¬ 
taneously  with  a  vary  short  Ignition  delay. 

In  selootlng  any  material  for  propellant  use,  however, 
various  phynioal  proportion  must  bo  taken  Into  consideration. 

One  of  tho  most  important  of  these  is  the  freezing  point, 
espooially  when  tho  fuel  Is  to  be  employed  in  paokaged  missiles. 
The  potential  employment  of  a  fuel  In  arotlo  regions  and  In  air- 
launched  rookets  requires  that  ths  material  remain  liquid  down 
to  temperatures  In  the  neighborhood  of  -65°P.  Hydraiino,  with 
a  fr oozing  point  of  34.7°?,  would  eolldify  undor  euoh  conditions. 
Therefore,  In  order  to  extend  the  temperature  range  over  vhloh 
hydras ine  may  be  used*  It  in  neooosary  to  add  other  mat or late  to 
depress  the  fr oozing  point.  A  part  of  tho  work  of  tho  Inorganlo 
Chemistry  Branch  of  the  Chemistry  Division  at  HOTS  has  been 
directed  toward  eooompllshlng  this  purpose. 
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This  Investigation  has  Included  a  literature  survey  of 
previous  work  on  mixtures  of  hydrazine  vlth  additives,  and 
preliminary  survey  work  lb  the  laboratory  on  additives  not 
studied  before.  A  number  of  tho  more  promising  materials  have 
been  Investigated  In  some  detail  and  the  reeulte  of  this  work 
are  described  in  this  paper.  The  method  employed  vae  that  of 
thermal  analysis.  From  the  melting  point-composition  data 
vhlch  vers  obtained,  phase  diagrams  of  these  hydraslne  systems 
were  constructed. 


aaiMt  PROOKPPRB 

Materials 

Hydrazine.  Anhydrous  hydro  sine  vas  used  In  all  of  the  vork 
dosorlb'od  horn  except  vhero  otherwise  Indicated.  The  anhydrous 
hydrazine  vao  procured  by  dehydration  of  Alrmuunt  commercial 
hydraaino  (93^).  Three  parts  by  weight  of  hydraslne  wove  added 
to  two  partn  of  froahly  fused  potassium  hydroxide  which  had  boen 
ground  in  a  desiccator  box.  After  the  mixture  lad  been  allowed 
to  stand  for. two  hours,  the  hydraslna  was  distilled  In  an  all- 

glass  apparatus  under  a  nltrogon  atmosphere  at  a  pressure  of 
0-00  mm.  list.  In  order  to  minimize  the  explosion  hazard  of 
hydrazine  distillation,' nitrogen  was  admitted  into  the  system 
before  heating,  and  the  flow  was  allowed  to  oontlnue  until  the 
apparatus  had  cooled  at  the  end  of  dlatlLlatlon.  A  safety 
shield  was  used  during  the  entire  operation.  Approximately  . 

75  percent  of  tho  hydraslne  van  distilled  from  the  mixture.  If 
analysis  did  not  indloato  substantially  complete  dehydration, 
distillation  from  fused  potassium  hydroxide  vas  repeated. 
Analysis  was  made  by  the  dlrcot  lodute  method  using  chloroform 
as  an  Indicator  llJ,  Hydrazine  purified  In  this  umnnor  analyzed 
99*9+  percent  NgH^  and  Fad  a  freezing  point  of  l,5£°0. 

Aniline.  Aniline,  prepared  from  aniline  sulfate,  was 
purified  by  distillation  In  a  nitrogen  atmoophero  at  60-80  an. 
presauro  through  a  3-foot  ooluan  packed  vlth  glaso  helloes. 
Middle  fraotlons  wore  oolleoted  at  a  reflux  ratio  of  5tl.  The 
combined  material  from  several  distillations  vas  thon  fraction¬ 
ated  and  middle  fractions  again  OQUeoted.  The  purified  produot 
had  a  refractive  index  of  1.5860  aF  and  a  freezing  point  of 
-6,00°0.  u 

Aloohols.  Most  of  tho  aloohole  were  purified  according 
to  procedures  given  by  Welssberger  and  Proskauer'*).  Refrao- 
tlve  lndox  and  density  were  used  to  cheek  the  purity.  Briefly* 
the  methods  employed  for  otoh  alcohol  vere  as  follows!  A.O.S, 
Roagent -grade,  aostone-free  methanol  was  distilled  at  atmos¬ 
pheric  pressure  from  magnesium.  Absolute  ethanol  vas  purified 
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toy  distillation  from  freshly  caleined  calcium  oxide.  For  the 
preparation  of  pure  propyl  aloohol,  Eastman  White  Iatoel  materiel 
was  first  dlatiilod  from  magnesium  and  iodine.  The  resulting 
product  was  then  fractionated  through  a  4-foot  column  paoked 
with  1/8-ineh  glass  helloes.  Middle  fractions  voro  collected 
and  employed  In  the  vorlc  described  here.  Isopropyl  aloohol  vat 
first  refluxed  with  aluminum  amalgam  for  four  hours  and  then 
fractionated  in  the  column  used  for  n-propyl  alcohol.-  Aim 
aloohol  was  given  a  preliminary  purification  toy  fraotlonation  in 
an  18-lnoh  column  paoicod  with  1/o-inch  glass  holloas.  Middle 
lraotiona  ver#  oollectod  and  finally  distilled  from  freshly 
dried  potassium  oartoonats.  Purification  of  propargyl  aloohol 
was  affected  by  first  drying  with  magnesium  sulrate.  The  aloohol 
wae  then  distilled  from  1*2  percent  suooinio  ae id  through  an 
13-lnoh  oolumn  pnokod  with  1/8-lnoh  helloes.  Middle  fraotlone 
from  several  hatohes  were  collected  and  again  fractionated. 
Physical  oonstants  of  the  produot  prepared  in  thie  manner  agreed 
well  with  those  given  in  the  literature.  The  treating  point, 
however,  wus  slightly  highar,  a  value  of  -51.5  0*  b?iP8  obtained 
aomparoa  to  -51,8  0,  reported  toy  Henne  end  (jreenloei-3^. 


All  purification  procedures  used  for  the  alcohols  vera 
oarrled  out  with  suitable  precautions  to  exolude  moisture.  Bub- 
scqusnt  operations  employed  a  desiccator  box  filled  with  an 
atmosphere  of  dry  nitrogen. 


pivo-Aminototraaole,  The  mono-hydrate  of  5-*wlnotetrasole 
obfnlneSjPrdiu  p'Slrmoun'tOhcmieal  Company  vae  dried  in  an  oven  at 
100°0.  to  remove  the  vafcer  of  hydration.  The  resulting  produot 
wan  then  employed  without  further  purification. 


Hydraslne  Nitrate,  Hydraslne  nitrate  vae  prepared  toy  neutral- 
lsatlon’Tjf’i'airniourrrnydraaino  with  froch,  oolorloso  C.P.  nitrlo 
add.  Both  the  hydraslne  and  the  aold  were  diluted  by  an  equal 
weight  of  loe  before  mixing  was  started.  Further  additions  of 
loo  voro  mado  as  neooesary  in  order  to  koop  fcho  solution  cool. 
After  neutralisation  vac  ooroplote,  part  of  the  water  was  roaovod 
toy  evaporation  at  Oo-9<rO.  on  a  hot  plate.  The  solution  was  then 
plaoed  In  u  filter  flask,  connected  to  a  water  aspirator,  and 
evaporated  at  68-72  0.  toy  Immersion  in  a  vater  bath.  A  slow 
stream  of  nltrogon  vae  allowed  to  bubble  through  tho  solution 
to  hasten  evaporation.  When  evaporation  had  aeased,  the  result¬ 
ing  syrupy  uolutlon  vns  cooled  in  an  loo  bath  vlth  oonstant 
utirrlng.  After  crystallisation  had  begun,  absolute  methanol 
vae  added  in  sufficient  quantity  to  glvo  a  smooth  slurry  vhen 
the  mixture  had  cooled.  The  crystals  vero  then  filtered  on  a 
sintered  glass  filter,  vashod  three  times  vlth  absolute  methanol, 
and  allowed  to  remain  on  the  filter  until  most  of  the  methanol 
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had  been  removed  by  euotlon.  After  air-drying,  the  hydraslne 
nitrate  vas  given  a  final  urylng  of  6-8  hours  In  a  vacuum  oven 
at  50°0,  Analysis  for  hydraslne  by  the  dlreot  lodate  method 
Indicated  33.69  percent  N2Hjj ;  the  theoretical  value  la  33.71  per* 
cent. 


Annaratue 

Preeslng  and  molting  points  of  moat  of  the  pure  compound* 
and  mixtures  were  determined  In  oella  of  tho  typo  ahovn  In 
figure  l,  Tvn  sizes  vore  employ od.  The  larger  else,  used  for 
study  of  the  first  three  systems  vas  constructed  of  S3  nm  Pyrex 
tubing  und  tha  main  body  of  the  oell  vas  120  mm  long.  Later  it 
vaa  found  that  a  slightly  smaller  ooll  could  be  handled  more 
readily,  and  that  It  vas  easier  to  obtain  a  smooth  slurry  of 
orysbals.  The  remainder  of  the  systems  vas,  therefore,  otudled 
using  tho  smaller  oell.  The  main  body  of  this  oell  vei  con¬ 
structed  of  20  m  Pyrex  tubing  and  vas  110  mm  long.  A  thermo¬ 
couple  vail  vas  lnsertod  through  one  of  the  tvo  standard -taper 
joints  m  >.ho  top.*'  Tho  other  ononiug  vaa  used  for  introducing 
the  ooi  i.-um.  ts  and  vas  cloood  with  a  standard -taper  plug,  stir¬ 
ring  or  Mi,-,  mixtures  during  frosting  and  molting  vas  aoooupllshed 
by  moana  of  a  solenoid  acting  Intermittently  on  the  Iron  bar 
sealed  Into  tha  upper  ond  of  the  spiral  glass  stirrer.  The  . 
current  to  thu  nolonold  vas  Interrupted  by  a  multivibrator 
circuit.  In  order  to  provide  slov,  uniform  changee  in  tempera¬ 
ture  vhen  the  oell  vaa  immersed  in  cooling  or  warming  bathe,  it 
vau  plaood  In  the  oloar-glaas  Dewar  flask  ahovn  in  the  figure. 

Tho  temperature  In  tho  oell  van  aooiured  with  a  calibrated 
ooppor-oonetantan  thermocouple  ineorted  into  the  veil,  vhioh 
contained  n-propyl  aloohol  as  a  thermal  conducting  modium.  The 
thermocouple  potential  vas  continuously  recorded  on  recording 
potentiometers  vlth  the  exception  of  the  work  on  the  hydrasine- 
ethanol  oyatem.  In  tho  vork  on  this  eastern  the  thermocouple 
potential  was  moasurod  vlth  a  Leeds  and  Northrup  Portable 
Precision  potentiometer.  Temperature  In  tho  systems  of  hydra- 
sine  vlth  methanol,  ally!  aloohol  and  hydraslne  nitrate  and 
vator,  voro  rooorded  on  a  Leeds  and  Korthrup  Typo  0  gpeedomax 
recorder.  A  lov-lovel  amplifier  specially  designed  for  vork 
of  thie  type  vas  employed.  This  made  it  possible  to  vary  the 
oh&vt  soale  on  tho  Spoodomax  from  50  to  2000  mlorovolta.  in 
moat  of  the  vork  the  200-mlorovolt  scale  vae  used,  making  it 
possible  to  read  thermocouple  potentials  to  l  microvolt.  Thermo¬ 
couple  potentials  during  melting  In  the  eystems  of  hydrasint 
vlth  propyl  aloohol,  leopropyl  alcohol,  propargyl  aloohol,  and 
S-amlnotetrasolo  were  determined  on  a  Brovn  Elefctronlk  recording 
potentiometer  having  a  ona  mill-volt  ohart  eoale. 
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j>*ds  and  Nopfchrup  portable  Precision  potentiometers  were 
usod  ( a  sero-point  suppressors  for  both  the  Speedomax  and  Brown 
Elektronlk  recording  potontioBetors.  _  i 

Procedure  for  Melting  point*  and  Framing  points 

Th«  mixture*  of  hydrazine  vith  the  various  additives  used  In 
this  study  wore  prepart-d  directly  In  the  freezing  point  coll,  ■ 

using  an  analytical  balanoo.  Compositions  voro  calculated  from 
tho  voip.hts  thus  obtained.  For  the  experiments  employing 
purified  materials,  tho  components  vers  added  to  the  cell  while 
it  was  in  the  desiccator  box.  The  commercial  materials  vsrt  ;; 

handled  In  air. 

Attempts  to  determins  fraesing  points  of  mixtures  of  hydra- 
sine  with  most  of  the  additives  were  unsatisfactory.  Supercool¬ 
ing  took  place  to  uuuh  an  extent  that  reproduoible  Creasing 
points  could  not  be  determined.  Therefore  almost  all  of  the 
th<  renal  analysis  data  presented  In  thio  report  wore  obtained 
frois  warning  curvnn.  This  proceduro  consisted  of  freezing  the 
mixture  with  constant  stirring  and  noting  ths  approxlmats 
Creasing  point.  Tho  cell  assombly  was  then  placod  In  a  warm¬ 
ing  bath  which  was  a  few  degrees  above  the  freezing  point,  and 
the., temperature  was  allowed  to  rise,  A  warming  rato  of  0,1  - 
0.2°0.  por  minute  was  obtained.  Stirring  of  the  mixture  was  '< 

oontinued  until  tho  melting  point  was  passed.  This  prooeduro 
gave  warming  ourvoa  which  were  reproducible,  and  from  vhloh  both  1 

euteotio  points  and  points  on  the  liquidus  line  oould  be 
doterminod  readily,  In  soma  ones,  hovevor,  especially  during 
the  oarly  port  of  this  study,  data  vers  obtained  from  cooling  ■ 

ourvoa.  Vhsro  this  method  was  employed,  it  is  indicated  in  the  1 

dlsousslon.  [ 

uw/ssLmmsmm  j 

A  phase  diagram,  plotted  from  thermal  analysis  data,  of  tha  j 

systom  aniline-hydra* ine  Is  shown  in  Figure  £,  The  temperature- 
oomposltlon  diagram  indicates  that  aniline  and  hydraslne  form  a  ! 

simple  eutoctlo  ayutetu.  The  mixture  with  minimum  Creasing  point,  1 

that  of  tho  eutectic  composition,  oontalni  38  molo  poroont  (17,3  ; 

weight  poroent)  hydraslne  and  freosee  at  -33. ^O.  Although  a  1 

fuel  having  this  froesiug  point  may  not  be  suitable  for  extreme  ! 

temperature  conditions,  the  molting  point  of  tho  mixture  shove 
definite  improvement  over  pure  aniline.  The  possibility  of  lower¬ 
ing  tho  Crossing  point  further  by  addition  of  a  third  component 
may  possibly  merit  further  investigation. 

Because  of  the  gonoral  availability  of  the  lower  alcohols,  a 
number  of  binary  oystsms  of  these  materials  with  hydraslne  wore  j 
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Investigated. 

Melting  point-composition  date  for  the  system  .hydrasine- 
methanol  ere  plotted  In  ths  phase  diagram  given  In  Figure  3. 

Throe  addition  compounds,  NgHij. •  2CH3OH,  and 

NgJfy'tCHgOH  are  found.  Melting  points  of  those  compounds  are 
-47.3°C.,  -57.8^.,  and  -89.5°0.,  respectively.  The  tvo  euteotloe 
molt  at  -6o.o°C.  and  -100°C.  The  oomp.ound  HgHjj'CKgOa  exhibits 
an  lnoongruent  melting  point;  its  existence  vas  established  by 
Isolation  and  analysis  of  ths  solid  phass  separating  from  a 
cooled  mixture  containing  59.4  percent  methanol.  Over  the  range 
of  55  -  59  mole  percent  methanol,  tvo  ourves  were  obtained  In 
the  phase  diagram.  Points  on  the  lover  ourves  were  found  vhen 
the  mixtures  were  melted  immediately  after  freaalng.  When  the 
frosen  mixture?  were  aUoved  to  stand  fur  three  or  more  hours, 
polnte  were  obtained  on  the  upper  liqujdus  line.  Beoaute  a 
phaae  diagram  of  this  typo  oould  also  represent  a  transformation 
In  tho  solid  ntate.  an  analysis  of  the  solid  phaue  vas  mads  to 
ustabllsh  definitely  the  existence  of  a  aompound.  The  upper 
llquidus  line,  therefore,  represents  a  stable  equilibrium 
between  liquid  and  solid  phases  whll#  tha  lovar  curve  lndloatos 
a  motnstable  equilibrium.  Above  a  temperature  of  -47.3°0.  tho 
compound  Nglh-CHsOH  cannot  axist,  but  decompoces  into  eolld 
hydrusine  ana  methanol,  Dooause  of  the  slov  formation  of  thin 
compound,  equilibrium  vas  not  always  reached  before  tho  mixtures 
voro  molted,  and  points  on  the  euteotlo  line  betveen  NgHii'OKsOH 
and  were  found  for  mixtures  containing  less  than  SO 

methanol. 

Tho  phase  diagram  for  the  system  hydrasine-othanol  was 
determined  largely  from  frooslng  points  obtained  from  ooollng 
curves.  Those  data  are  plotted  in  Figure  4.  This  system  forms 
one  addition  aompound,  NgKn • SOgHeOH,  vhloh  has  a  melting  point  of 
-31«2°0.  The  outeotlo  bet Veen  hydrusine  and  this  aompound  contains 
S3  mole  poroont  ethanol  and  freoset  at  -33.7°0.  The  euteotlo 
botvoen  othanol  and  the  compound,  vhloh  contains  approximately 
98  luolo  peroont  ethanol,  freesoi  at  -ll7.3®0.  Mixtures  containing 
more  thun  90  mole  poroont  ethanol  exhibited  such  exaesslve 
ouporooollng  that  data  In  this  region  of  the  phase  diagram  vere 
obtained  only  with  groat  difficulty  from  cooling  curves.  The 
usual  mothods  for  lnduolng  crystallisation,  suoh  as  producing 
aold  spots  on  the  froeslng-polnt  cell,  vere  Ineffective. 

Both  of  these  systems  shoved  a  drifting  of  the  euteotlo  line 
tova^d  lover  temperatures  as  the  mixtures  beaame  rlohor  In 
hydrusine.  Thin  behavior  vas  probably  due  to  the  frequent  use 
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of  ooellng  curves  Tar  determlntt  too  of  the  «ol  id  iflcat  ion  pot»6 
of  the  eutectic  And  to  tho  supercooling  which  was  always  observed. 
As  the  mixtures  eecame  rlohor  in  hydraxlDe,  very  little  of  the 
euteotle  mixture  was  left  when  final  solidification  to  ole  place, 
and  the  small  thermal  effeot  was  Insufficient  to  compensate  for 
the  supercool  ini'.  For  tho  system  hydrarlne-methanol,  no  reliable 
data  could  be  obtained  for  the  eutoctlo  between  the  compound* 
H2H4‘2CHjOH  end  UgHj, -40K^OH. 

The  work  on  both  of  these  systems  vae  carried  out  using 
substantially  anhydrous  materials.  In  actual  praotio#  commercial 
product*  containing  small  amounts  of  vater  would  be  employed. 

For  this  reason  a  portion  of  the  ternary  system  hydra* ine- 
methanol-vater  we*  Investigated.  Three  series  of  experiment* 
were  made  in  which  tho  ratio  of  hydraslne  to  vater  was  held 
oonstant  and  the  amount  of  added  methanol  vaa  varied.  Tho  con-  1 
oentrations.  of  iquoous  hydra*!  1:0  solutions  employed  were  96.8,  ’ 
90.1.  and  34.5  percent.  Absolute  methane 1  was  added  In  Incre¬ 
ments  to  thono  jolutJ.ons  and  molting  points  were  determined.  The 
data  are  plotted  In  Figure  5.  Although  addition  of  water  gave 
batter  freezing-point  depression  than  with  methanol  alone, 
exoesaive  dilution  of  the  hydragl.no  with  both  water  and  methanol 
was  required  to  reach  low  froa*lng  points . 

The  system  hydraaino-n-propyl  alcohol  resembles  the  hydra- 
zine-ethunol  system  In  exhibiting  one  fairly  vouk  addition 
oompound,  H2lty .PCeHeOH  (Figure  6).  Thin  oompound  melts  at  -4l.3°0 
and  tho  eutectlo  between  hydrazine  and  tho  oompound  melts  at 
-42.4°C.  Attempts  to  freeze  mixtures  containing  more  than  94.8 
percent  n-propyl  aloohol  were  unouooesoful.  (Houses  were  formed 
In  this  region  and  melting  points  of  the  nlxtureo  could  not  be 
obtained,  investigation  of  the  system  hydrazine-isopropyl 
alcohol  also  Indicated  the  formation  of  a  liS  addition  compound. 

A  ueoond  Inflection  in  the  llquidua  curve,  however,  vaa  observed. 
It  lias  not  yet  boon  determined  whether  this  lnflootlon  In  the 
curve  represents  on  Inverse  perlteotio  or  Is  due  to  formation 
of  a  second  oompound.  fceoauee  of  the  high  visooaitx  of  the 
mixtures  at  temperatures  In  the  neighborhood  of  -75  0.,  effort* 
to  Isolate  and  analyse  the  solid  phase  have  not  yet  been  suooess- 
ful. 


Hydraslne  and  ellyl  aloohol  also  form  a  li2  addition  oompound 
(Figure  7).  This  compound  molts  at  -68°C.  The  euteotlo  mixture 
of  hydrazino  and  compound  contains  62  mole  percent  allyl  aloohol 
and  solidifies  at  -69°C.  At  oonoentratlons  of  more  than  90  mole 
percent  allyl  alcohol  a  series  of  glasses  were  formed  when  the 
mixtures  were  moled.  These  mixtures  did  not  orystallize  even 
on  standing  for  long  periods  at  low  temperatures  end  efforts  to 
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li2  addition  compound  and  ally l  alcohol  which  from  at  approx¬ 
imately  -130°C.  The  composition  of  tha  eutectic  mixture  llaa 
between  90  and  100  percent  allyl  aloohol. 

Melting  point-composition  data  for  the  system  hydrailne- 
proparfiyl  alcohol  are  plotted  In  figure  8.  The  phase  dlagraa 
Indicates  the  existence  of  two  addition  compound*, 

NglU.HC  SC-CHoOH  and  rJaH4.2llC»C-CHa0H,  having  molting  points 
I  or  -48.0°C.  anl  «S4.2o0.,  respectively,  The  euteotlo  between 
hydraslne  and  tho  1 s 1  compound  melta  at  -49.2°0,.  while  the 
outectlo  between  the  two  compound*  melta  at  -M,650.  The  third 
i  euteotlo  melta  at  approximately  -73.5°0.  In  this  region  a  great 
deal  of  difficulty  waa  experienced  In  determining  melting  point* 
because  of  the  tendency  of  the  mixture#  to  fora  glasses,  in 
many  oaaea  three  to  four  day*  of  holding  tha  aolutlon*  at  lew  . 
temperaturoa  were  required  to  obtain  crystallisation.  When 
mixture*  having  compositions  In  this  roglon  wars  melted,  the 
points  did  not  consistently  fall  on  a  smooth  curve.  The  data, 
therefore,  have  souie  dogroo  of  uncertainty  and  part  of  tha 
ourvo  Is  indicated  with  a  dotted  line.  In  the  area  below  the 
111  addition  compound  a  metastable  portion  of  the  system  waa 
found.  The  liquidua  and  euteotlo  lines  for  this  region  which 
■  are  shown  in  Figure  8  were  obtained  when  tho  mixtures  wore 
froaen  and  thon  molted  Immediately,  if  the  froaen  solutions 
were  allowed  to  stand  for  a  period  of  time,  warming  curves  gave 
points  on  the  upper  stable  llquldus  curve.  In  a  few  oaeee  points 
were  found  on  both  tho  stable  and  metasbable  curves.  The  neta- 
otable  euteotlo  between  hydraslne  and  the  li£>  addition  oompound 
melts  at  -69.5a0. 

Propargyl  aloohol  exhibits  a  stronger  combining  tendenoy 
with  hydraslne  than  any  of  the  other  alcohols  whloh  have  been 
Investigated,  A  dofinite,  though  veale,  lil  addition  oompound 
la  formed  between  hydraslne  and  propargyl  aloohol.  suoh  a 
oompound  does  not  form  between  hydraslne  and  ethanol,  n-propyl 
,  alcohol.  Isopropyl  aloohol,  or  allyl  aloohol.  Although  with  ; 
methanol  a  lil  compound  is  formed,  this  compound  is  extremely 
unstable,  and  has  an  inoongruent  melting  point,  l.e.,  the 
oompound  decomposes  before  the  melting  point  le  reached.  Pro- 
pargyl  aloohol,  like  the  other  aloohol*  studied,  also  forms 
a  1|2  Addition  oompound.  The  maxima  In  the  liquidua  curves  of 
this  system  are  sharper,  however.  Indicating  greater  stability 
of  the  addition  oompound*. 
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from  t:. .nn  cxpor lir.t.nt.-i  aro  t.  lotted  In  Figure  9«  Tho  nhape  of  tho 
llrjulduc  survo  la  similar  to  that  obtained  with  purified  materials 
but  molting  points  are  oomewhat  lover.  Thus,  the  first  outeotio 
molts  at  -tsl.0°C.  Instead  of  -49.2°C,  This  mixture  oontaina  55 
weight  psroent  propareyl  alcohol  and  tho  molting  point  closely 
approaches  the  temperature  of  -650V,  ourrently  sped  fled  for  rooket 
appllcatlono .  Bocauao  of  compound  formation,  nuch  largor  amounts 
of  tho  nloohol  must  bo  added  to  deprois  further  the  freetlng 
point.  In  the  region  of  the  third  euteetlo,  formation  or  glasses  * 
again  took  place  and  data  for  this  part  nf  the  ourve  could  not 
be  obtained. 

Inasmuch  as  propargyl  aloohol  la  a  po  entlally  useful  rooket 
fuel,  further  work  on  other  properties  of  mixtures  of  thle 
material  with  hydraslne  may  prove  to  be  profitable. 

Flvo-aininotatrusola,  because  of  Its  acidic  properties,  gate 
a  rapid  depression  of  tho  frees  mg  point  of  commercial  hydraslne. 
This  system  vac  difficult  to  study,  however,  because  of  the 
tendenoy  of  the  mixtures  to  form  glasses.  Malting  points  vare 
determined  over  the  range  0  -  35.0  percent  5-aminotetrasoie.  The 
eutectic  composed  of  hydrattne  and  the  hydraslne  salt  of  5-amlno- 
tetrapolo  molted  at  -3t»,8°C.  and  oontalned  32.8  percent  hydraslne, 

1  Bocnuso  the  melting  rsolnt  of  tho  eutectic  was  not  as  lov  as  was 
desired,  further  work  on  this  system  was  not  carried  out.  Melting 
point -composition  data  (weight  percent)  for  this  ayetsm  are 
plotted  In  figure  10. 

A  fairly  extensive  investigation  of  the  system  hydraslne 
nltrato-vator-hydrasine  wau  male  by  thermal,  analysis  methods,  in 
order  to  plot  tno  complete  ternary  diagram,  thermal  analysis  data 
wore  roqulred  on  a  number  of  ternary  mixtures,  and  on  the  three 
binary  oyetems  making  up  tho  sides  of  the  triangular  diagram. 

Those  binary  systems  were  hydraslne  nitrute-hydraslne,  hydraslne- 
water,  and  hydraslne  nitrate -water. 

Melting  polnt-oomposltlon  data  for  the  syntsm  hydraslne 
nitrate-hydrazine  are  shown  In  Figure  U.  Tno  phase  diagram 
Indicates  the  oxlBtenoe  of  one  oompound,  hydraslne  nitrate 
l-hydrasinato  (N-H-NO- .NpH,. ),  melting  at  3.0°0.  The  flret 
euteetlo  melts  at  -46“0,  ‘and  oontaina  47.5  psroent  hydraslne 
nitrate.  Tho  outeotla  between  the  compound  and  pure  salt 
contains  79  poroent  hydrazine  nitrate  and  aoUdifiee  at  2.5°0. 

The  melting  point  of  hydrazine  nitrate,  ne  determined  in  tnle 
laboratory,  was  70.7°0. 
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g.-.ocl  agroc-wont  with  thuuo  of  H'lhr  ami  Audricthl1* }  ami  Mil  al|t* 
Summer!:*).  The  data  given  in  these  paper*,  thorofore,  vero  used 
In  plotting  the  phase  diagram  given  In  this  report. 

Work  on  the  eyatom  hydrasine  nltrato-vator  also  has  been.  . 
reported  previously.  A  phase  diagram  worked  out  by  SealBhln'f» 
Indicate#  that  these  compounds  form  a  simple  outeotlc  system. 
Molting  point  comnosltlon  data  dnturmlnod  duping  the  present 
Investigation  differ  slightly  from  those  glvon  by  Semlahln  over 
the  range  0  -  7."  percent  hydraslne  nitrate.  Data  at  higher 
concentrations  aie  in  fairly  good- ■agreement.  Molting  polnt- 
o opposition  data  from  both  studies  are  plotted  In  ngure  18. 

Points  inside  the  ternary  diagram  were  obtained  from  thermal 
analysis  data  on  thrce-eosiponent  mixtures,  in  moot  of  the  worm 
the  ratio  of  hydraslne  to  water  was  held  constant  and  the  amount 
of  salt  was  varied,  from  these  results,  plane-scotlon  diagrams 
were  constructed  In  whloh  molting  points  wars  plottod  against 
percent  of  hydroslno  nltrato.  Other  plane-uectlon  diagrams  were 
constructed  from  data  obtained  from  a  scries  of  mixtures  In  whloh 
the  ratio  of  hydraslne  to  salt  was  hold  constant  and  the  amount 
of  water  was  varied.  In  a  third  series  of  mixtures  the  ratio  of 
water  to  hydrarlne  nitrate  was  hold  oonstant  and  the  amount  of 
hydraslne  was  varied.  Data  for  plotting  the  Isotherms  on  the 
triangular  diagram  vero  taken  at  five-degree  intervale  from  the 
plnne-sootlon  diagrams  thus  determined.  The  ternary  diagram  Is 
shown  In  Figure  13,  A  photograph  of  a  three-dimensional  model 
of  this  system  la  shown  In  Figure  14. 

Tho  phase  diagram  shows  four  invariant  points  whloh  are  two 
ternary  outeotloa,  a  ternary  perlteotlo.  ana  the  solldlf loaf. ion 
point  of  the  quasl-blnary  system  hydraslne  nitrate  l-hydrastnate- 
hydraslne  hydrate.  At  the  ternary  perltootlo  the  reaction 

Melt  +  NgHglfOj  St  NgHjjNOj*  NgHjj  t  Ha0 

takes  place.  Mixtures  having  ooaposltlono  In  tho  partial 
triangle  bounded  by  hydraslne  nitrate  1-hydraslnate,  hydraslne 
nltrato,  and  water  complete  their  solldifloatlon  on  ooollng  at 
the  ternary  perltootlo  point  (-55°0.).  Cooled  mixtures  having 
compositions  In  the  triangle  bounded  by  hydraslne  nitrate 
1-hydraxlnato,  the  perltootlo  point,  and  wator,  have  melt 
remaining  when  the  porlteotte  temperature  Is  reached.  The 
composition  thou  prooeeds  down  the  line  to  the  ternary  e»ttotlo 
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SYSTEM  HYDRAZINE  NITRATE -WATER* 
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composed  of  hydraalne  hydrate,  hydra* in*  nitrate  l-hydraslnate, 
and  vater,  at  vhloh  point  ooaplett  aolidlflcetlon  tajcee  plaoa. 
The  teaperatura  of  tala  autaotlo  la  appro* laately  ,-P7°C.  forma¬ 
tion  of  gUaey  alxturea  In  thla  ration  aada  tha  aatanalnatlon 
of  accurate  netting  point*  alceat  lapoaaibte,  Mixture*  in  the 
raawlndar  of  tha  diagram  bahave  in  tna  unooaplloatad  Mannar  of 
a  alaple  ternary  ayataa. 


Ooapoaltlona  in  tha  ration  of  tha  ternary  autaotlo 
of  hydraalna,  hydraalna  nitrate  1-hydraalnate.  and  hydra* in* 
hydrate  are  of  the  aoat  Internet  for  fuol  applloatlono.  The 
braaka  In  the  varaing  ourtaa  of  alxture*  near.thla  autaotlo 
lndloate  a  aaltlng  point  of  approximately  -640.  In  tbie  region 
a  nuaber  of  lov-freealng  alxturoa  nay  be  foraulated  vhlch  oontaln 
appreciable  aaouota  of  hydraalne.  Tha  hydraalne  nitrate  concen¬ 
tration  aay  be  varied  froa  15  -  30  percent,  and  tha  rater  content 
froa  10  -  20  peroent  to  give  aolutlon*  free* mg  in  the  neighbor¬ 
hood  of  -30°0. 

gPMMAKT 

Aa  a  part  of'  an  lnaeatlgatlon  of  lov-fraealng  fuel  alxturea 
containing  hydraalne,  phaae  dlagraa*  vara  deteralnad  for  binary 
■yitoaa  of  hydraalne  with  aniline.  Methanol,  afebanol,  n-propyl 
aleohol,  laapropyl  alcohol,  allyl  alcohol,  propargyl  alcohol,  and 
5-aalnotetraaole.  Tha  ternary  ayataa  hydraalne  nltrafce-rater- 
hydraalne  alao  raa  lnvaatlgated. 


Aniline  and  hydraalne  fora  a  elaple  autaotlo  ayetaa,  The 
autaotlo  Mixture  oontaln*  17 >3  weight  paroont  hydraalne  and 
freaaae  at  -35.6°0. 


Hydraalne  and  aethanol  fora  throo  addition  ooapounda, 
H2H**OHjOH,  HjHj|  * 8CIU0X,  and  MgHgVtOHjOH.  '  he  Utter  tvo  aelt 
at  -57.o°0.  and  -69.5°0, ,  reapeotlvely,  The  ooapouad 
■«V«3  oh  haa  an  inoongruent  aaltlng  point  and  doaa  not  exlet 
above  -47.3°0. 


A  partial  lnveatlgatlon  of  the  ternary  ayataa  hydraalne- 
aethanol -rater  raa  oarrlad  out  In  tho  hydraaine-rlcn  region  of 
thla  ayataa.  Oonaldarable  dilution  of  the  hydraalne  raa  refused 
to  prepare  fuel  alxturea  having  lev  freaaing  pointe. 

Xthanol,  n-propyl  aleohol.  laopropyl  aleohol  and  f.llyl 
aloobol  all  formed  realc  addition  ooapounda  rlth  hydrerino  con¬ 
taining  tvo  aolaa  of  aleohol  par  sola  of  hydraalne.  in  all 
oaaaa  the  llguldne  ourve  raa  not  ataap,  and  lov-fr«eilng  ooapo¬ 
altlona  oontalnad  large  aaounte  of  the  aleohol. 
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Ih*  lyatem  hydra* lse-propargyl  aloohol  va»  itudled  uiing 
tooth  purified  ana  commercial  material*.  Tha  phaaa  dlagrua 
indicate*  tha  formation  of  111  and  Via  addition  ocppounda.  Tha 
optimum  fual  mixture  for  this  ayataa  from  commercial  material* 
appaara  to  toe  saa  costal alag  55  weight  pereant  pronargyl  alcohol 
ano  having  a  frteilng  point  of  -5l.0uC.  Saoauaa  tha  lit  addition 
compound  la  fairly  itable,  however,  auoh  larger  amount*  of  tha 
aloohol  are  required  to  depren  further  the  Treating  point  of 
hydrailna. 


atatola  ooapound  formation  ocoura  between  hydrailna  and 
b-amlnotatraiola,  and  tha  llquldua  ourva  of  the  phaaa  diagram, 
therefore,  deaoends  rapidly.  Tha  eutaotlo  on  tha  hydraalne  aide 
of  the  ayatem  oontalna  32. 8  velght  paroant  5-aalnotetranoio  and 
ooUdlfle*  at  •36.n°0.  vhan  tha  mixture  la  prepared  from  oonaaerolal 
material* , 


Tha  phaaa  diagram  of  tha  ternary  eyatao  hydrailna  nitrate* 
vetar-hydreaine  anov*  the  exlateroe  of  two  ternary  eutaotlos  and 
ona  ternary  perltaotic.  tn  the  region  of  tha  ternary  eutaotlo 
oompoaed  of  hydraalne,  hydrailna  nltrata-l-hydrailnata,  and 
hydrailna  hydrate,  lov-franilng  mixture*  (-50°0.)  nontalnlng 
appreo labia  amount!  of  hydratliio  may  to*  formulated. 
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flte&agl 

The  thermsi  decomposition  of  hydranine  restricts  tha  con¬ 
ditions  under  vhloh  this  compound  can  ba  uttud  as  a  regenerative 
ooolant.  It  vas  nsoesiary  to  obtain  engineering  data  on  tbo 
behavior  of  hydrosine  at  elevated  temperatures  so  as  to  find 
the  conditions  that  minimise  this  troublesome  decomposition! 

Por  this  purpose  a  study1  of  the  rate  of  thermal  decomposition 
of  commercial  liquid  hydrazine  has  been  made  In  the  temperature 
range  from  130  t,o  500°P  by  a  measurement  of  the  rate  of 
pressure  riau  vith  time  in  dosed  pressure  vessels  containing 
hydrazine There  is  ovidoncs  that  both  gas-  and  liquid-phase 
decomposition  occur,  although  under  the  conditions  of  the 
present  tents  the  rate-controlling  reaction  appears  to  be  a 
heterogeneous  gas-phase  reaction.  The  mechanists  of  the  de¬ 
composition  process  has  not  been  established  in  the  engineering 
tests,  Tho  catalytic  affect  on  tha  rnbo  of  deeompooltion  of 
various  surfaces  likely  to  be  encountered  in  practical  applica¬ 
tions  vaa  tested.  Glaus,  steels  103C  and  4130,  stainless 
staela  303-A,  304,  34?,  and  503,  Iron,  copper,  and  olumLnum 
33-0  and  34S-T3,  vith  various  surface  conditions,  voro  among 
the  materials  tested.  It  voo  found  that  cadmium  plntlng  of  the 
metal  surface,  when  0.5  to  1.0  weight  per  cent  of  cadmium 
aoetate  was  dissolved  in  the  liquid  hydrazine,  has  it  marked 
Inhibiting  of foot  on  the  rate  of  thermal  decomposition.  Tests 
of  rocket  motors  employing  hydrhtino  ns  a  regenerative  ooolant 
were  made  with  fuming  nitrlo  aoid  us  an  oxidant. 


*Thle  paper  preuonta  the  results  of  one  phase  of  reoearoh 
carried  out  nt  tho  Jet  Propulsion  Laboratory,  California 
Inatitute  of  Technology,  under  Contraot  Ifo.  DA-04-495»0rd  Xfl, 
eponeored  by  tho  Dopartmont  of  the  Army,  Ordnanoe  Corps. 
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In  pocket  motors  it  is  desirable  to  obtain, an  increase  in 
tharwodynamie  efficiency  by  using  the  liquid -propellant  (trees 
as  the  coolant  vhloh  is  required  fop  the  motor.  Where  highly 
corrosive  liquids  ouch  as  fuming  nltrio  acid  are  employed  as 
oxidants,  it  wj  be  more  practical  to  use  the  lose  corrosive 
liquid  fuel  in  this  prooeas  of  regenerative  cooling.  With 
hydra tine,  however,  regenerative  cooling  la  subject  to  limita¬ 
tions  due  to  the  inherent  thermal  instability  of  thla  compound, 
(tagineering  teats1  were  made  of  the  rate  of  ahange  of  pressure 
with  time  in  liquid  hydrazine  contained  in  oloaed  stainless- 
steal  vessels  under  isothormal  conditions  in  the  temperature 
ren;;S  ISO  to  500°Pj  also  rocket  motors  vert  tested  with 
regenerative  cooling  using  hydrasine.  Under  these  conditions 
the  overall  reaotlon  appears  to  be  described  by  a  combination 
of  two  separate  stoichiometric  expressions! 

JKjHg— *  tNH?  4  Mg  (1) 

— 4  Na  +  fcHf  (2) 

Cumkiaigp,  Equations  (1)  and  {!) 

(3  4  x )  KgHj*—*--  IWlj,  4(1  *  x)  Ny  *  SkAz  (5) 

wham  *  ramranuii  t w  number  or  males  of  hydrasine  which  deeonpeee 
ubee.  ding  to  Equation  (2)  p  »  3  mole*  of  hydrasine  which 
4eo«.f»a  aaeordlng  to  Equation  (i). 

Elm' «  and  Taylor  (Of.  Her,  l)  and  Aakey  (fit .  Ref,  2) 
m#nuural  3be  thermal  dr  composition  in  the  vapor  phase  In  the 
pm  sense  ft  each  of  the  following  materials  t  Pyres,  platings, 
and  tungst  d,  and  found  that  a  tie  terraneous  reaction,  first 
order  with  respect  to  SpXg,  eoeurred  in  the  presanee  ef  glass, 
diving  only  HTl*  and  Ny  as  products  aooordiij|  to  equation  (1). 

In  who  pro*"n  '  of  plstlniu*  and  tungsten,  HU,  Rp,  and  hg  war# 
ju'odurta  so  that  both  reactions  (1)  and  (2)  aenurred  to  sene 
extant,  ttsvaro  (Of.  Hof,  3)  attempted  to  aeasure  the  toamo- 
tmneoue  gas-phase,  first-order  mention  in  the  presence  of 
toluene  vaeer  and  found  under  three  conditions  an  aotlwatlea 
energy  of  Od  koal/mol  for  the  reaction.  Kenratty  et  al  (Of.  • 
Ref.  I)  found  that  a  hsteiogoneoue  gne-phaee  reaotlon  on  glass 
proceeded  toy  a  first-order  msohsniam  with  an  aotlvatloa  energy 


'This  work  was  performed  at  the  Jet  Propulsion  laboratory  by 
Anthony  Brlgllo,  Jr.,  A.  t.  Orent,  Jr,,  D.  R.  Orlffin,  and 
D.  0.  Thomas 
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of  18.7  and  9-i  kcul/mol  for  surface -to -volume  ratio#  of  2.5 
and  18  on'1,  respectively.  Tantar  (Of.  Ref.  5),  Purgottl 
(Of.  Ref.  6),  and  autbier  (Cf.  Ref.  7)  studied, the  decomposition 
of  hydratino  in  tha  liquid  phase  under  various'  conditions. 
Kinetic  neohanisas  for  the  thermal -decomposition  reaction  are 
deacribod  in  References  1  through  7.  An  excellent  survey  of 
the  chemistry  of  hydrazine  Is  given  by  Audrleth  and  Ogg  (Cf. 

Rof.  8). 

Bauipmont- and  Methods 

Stainless  steel,  type  51?  containing  approximately  18 
per  eont  by' weight  chromium  and  8  per  cent  by  weight  nickel, 
was  used  as  the  material  of  oonstruotlon  for  the  cylindrical 
pressure  vessels  used  in  ths  engineering  tests.  Cylindrical 
vessels  of  two  sises,  20  and  56  ml,  were  used  in  the  teste.  The 
ratio  of  the  surfaoa  of  the  cylindrical  vessel  to  the  volume  of 
liquid  contained  was  about  X*  and  10  om-1  for  the  20*  and  56-al 
bombs,  respectively.  To  determine  the  specific  catalytic 
effect  of  other  solid  materials,  piooes  of  the  particular 
material  to  be  tested  were  added  to  the  bomb.  In  eome  oases 
the  material  was  immersed  in  the  liquid  phase)  in  other  oases 
the  material  was  exposed  to  the  gao  phase.  Pressure  was 
measured  by  moons  of  a  conventional  Bourdon-typo  gags.  Pressure 
from  the  teat  system  was  transmitted  to  the  prouuure  gage  by 
capillary  tubing  filled  with  mineral  oil,  A  pressure -release 
disk  was  provided  in  the  hydraulic  uyotom  in  case  an  explosive 
rate  of  decomposition  was  encountered,  The  capillary  tubing  was 
joined  at  the  top  of  the  pres cure  vessel  by  means  of  an  appro¬ 
priate  fitting.  Tha  entire  tubing  was  filled  with  oil,  care 
being  taken  to  avoid  contaminating  the  vessel  vith  oil. 

To  koop  the  vessel  and  its  contents  at  oonatant  tempera¬ 
ture,  a  bath  filled  vith  a  low-melting  alloy,  Gerobend,  was 
used  at  elevated  temperatures,  and  an  oil  bath  was  used  at  low 
temperatures.  Suitable  heaters  and  control  oiroults  were  used 
to  maintain  Isothermal  conditions  to  within  plus  or  minus  5°B 
in  tha  bath.  A  thermocouple  was  placed  in  a  thermocouple  veil 
made  of  stainless -stool  tubing  type  5*7,  located  inside  the 
pressure  vessel  for  the  purpose  of  measuring  the  temperature 
of  the  ooa tents  of  ths  vessel. 

The  bomb  was  filled  at  room  temperature  to  suoh  a  level 
with  commercial  liquid  hydraslne  that  the  desired  ullage 
resulted1.  The  primary  impurity  of  this  material  vas  3  to 


^The  term  ullage  refers  to  the  total  volume  of  the  gas  phase 
relative  to  the  total  volume  of  the  system  end  in  this  paper 
la  expressed  in  per  cent. 
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t  per  oent  voter  vith  traces  of  ammonia  present.  Tha  hydraulic 
lines  vara  thoa  attached  to  tha  vaaaal  at  atmospherlo  praaaara. 
Tha  vaaaal  and  its  contanta  vara  Immersed  In  tha  prahaatad 
constant-temperature  bath.  Pressure  raadlnga  vara  recorded  aa 
a  function  of  tine,  tha  origin  for  the  tiue  coordinate  being 
taken  vhnn  tha  temperature  Indicated  by  the  thoraooounle 
inalda  the  vessel  approaohed  that  of  the  lur round lag  oath. 
Pressure  measurements  vlth  a  precision  of  about  1  par  oant  vara 
made  up  to  8000  pala  bafora  balng  diaoontlnuad. 

Tha  stoichiometry  of  tha  rsaotloa  vaa  quantltatlraly 
tea  tod  from  the  Toluiuitrlo  behavior  of  tha  products  In  tha  gaa 
pnasu,  and  It  appoaro  that  reaction  (9)  oocuva  to  some  extent 
under,  tha  oondltiona  of  the  experiment#.  Only  tha  pressure  la 
tha  system  (not  tha  coupe  <liiion)  was  measured  as  a  function  of 
time;  thus  no  meohanlsm  for  the  kineties  cun  be  offered  from 
those  experiments  vithout  resorting  to  oertain  assumptions. 
Measurements  vara  made  over  a  vide  range  of  temperatures  so 
that  an  apparent  Motivation  energy  for  tha  roaotion  oould  be 
obtained.  It  vaa  assumed  that  physical  equilibrium  betvesn 
the  phases  vaa  established  rapidly  vith  respect  to  tho  rate  of 
thermal  decomposition.  Possible  differences  in  the  solubilities 
of  tha  gaseous  products)  In  the  liquid  phaso  due  to  ohangea  in 
oondltiona  of  the  experiments  vere  not  compensated  In  tha 
reported  rates  of  pressure  rise. 

Conventional  roeket-motor  testa  vere  performed  using 
hydrasine  as  a  regenerative  coolant.  Fuming  nitric  acid 
containing  6$  velght  par  oent  N0a  vas  used  as  an  oxidant,  , 

Details  of  the  rookot-motor  installation  are  presented  In 
ileferenoe  9. 

flmBi 

la  figure  1  are  shovr.  typloal  ourves  of  pressure  as  • 
function  of  time  for  several  temperatures  In  the  range  375  to 
4900?  fur  u  sUlnless-stoel  type  347  bomb  vith  cleaned  surfaoe. 
These  meaaursuents  vere  made  at  an  ullage  of  about  60  per  cent. 

In  another  sat  of  separata  measurements  tha  ullage  vas  varied 
botvoen  80  and  80  per  oent  at  about  373°F,  and  there  vas  no 
measurable  ohangt  in  the  rate  of  initial  preseure  rise  vith 
time.  Theso  results  auggest  that  hydrasine  decomposition 
oacurs  predominantly  In  gas  phase.  Vith  physical  equilibrium 
constantly  prevailing  betvonn  the  phases,  the  partial  pressure 
of  hydrasine  In  the  gas  phase  Is  relatively  constant  Irrespective 
of  ullage.  It  vould,  therefore,  be  expoctod  that  the  rate  of 
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U«oo»f>o»ltion  In  the  gs«  phase  would  be  independent  or  ullage, 
as  appears  to  he  the  case.  On  the  other  hand,  If  decomposition 
of  hydra line  in  the  liquid  phase  vere  predominant,  it  would  be 
expected  that  the  rate  of  pressure  rise  with  tlfce  in  the  system 
would  be  proportional  to  the  relative  amount  of  liquid  phase 
present  and  would  decrease  with  an  Increase  in  ullage.  Such 
behavior  was  not  measurable,  and  thersfors  It  appears  In  the 
present  set  of  measurements  that  the  gas-phase  decomposition  le 
controlling. 

In  Figure  2  are  plotted  on  a  logarithmic  eoale  values  or 
dp/dt,  ths  initial  rate  of  ohange  of  pressure  with  time  ve  the 
rooiprooal  of  the  absolute  temporature  over  the  approximate 
temperature  range  300  to  500°F.  One  set  or  theee  measurements 
was  made  In  the  stalnlest-sleel  type  347  veieel.  The  other 
aet  was  mado  in  a  stainless-steel  bomb  vhioh  wae  plated  with 
cadmium,  and  0,3  weight  peroent  cadmium  acetate  wae  added  to  the 
hydrasine,  These  rate  data,  plotted  in  Figure  3,  are  obtained 
by  taking  the  initial  slopes  or  eurves  such  os  those  ehowa  In 
Figure  1.  It  in  evident  from  the  data  in  Figure  8  that  4 
linear  relationship  exists  between  In (dp/dt)  and  the  reolproaal 
of  the  absolute  temperature,'  Ouch  a  relationship  ie  in  aooord 
with  the  Arrhenius  expression  for  the  effect  of  temperature  on 
reflation  rates  and  also  ia  in  aooord.  with  the  Clfcuelus- 
Olapoyron  equation  for  the  effeot  of  temperature  on  vapor 
pressure.  The  slopes  of  the  linos  In  Figure  8  give  an  energy 
term  vhioh  inoludea  the  heat  of  vaporisation  of  hydrasine 
according  to  the  Clauslue-Olapeyron  equation  if  the  gae-phaee 
reaction  ie  controlling.  From  the  elope  of  Figure  2.  the 
energy  torn  has  a  vain  >  of  Id. 8  koal/mol  for  the  unplated 
vessel  and  85.9  koal.mol  for  the  oadmiun-plated  vessel.  .  ub- 
fcraotlng  from  these  valuee  the  latent  heat  of  vaporisation  for 
hydrasine  at  113. 3°C  of  10  keel /fool  (Of,  Ref.  8)  assumed  to  he 
constant  over  the  temperature  range  covered  in  Figure  8.  one 
obtains  8,3  and  15.3  koal/mol  for  the  energy  of  activation 
without  and  vith  cadmium,  respectively,  The  effeot  of  oadMium 
on  the  systom  thus  is  to  raise  the  activation  energy.  Theee 
values  of  the  notivation  energy  for  a  surface -to -volume  ratio 
of  14  om"l  are  in  the  same  range  ae  the  data  of  Hanratty  et  al 
(Of,  Hof.  4),  previously  aontioned. 

The  oatelvtio  effeot  of  various  surfeoen  on  ths  decomposi¬ 
tion  of  hydrasine  is  depioted  in  Table  X.  The  initial  preeeure 
rise  vith  time  dp/dt  Ls  given  for  temporaturea  in  the  proximity 
of  400°F.  In  tho  column  marked  R,  values  of  the  relative  rate 
of  ohange  of  pressure  with  time  pur  square  Inoh  of  surfaoe  of 
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designated  material  added  to  the  gee  phase  ere  tabulated.  To 
calculate  valuee  of  R  the  value  of  dp/dt  for  hydraslno  In  the 
etalnlres-eteel  type  347  veanal  vlthout  added  material  la 
subtracted  from  the  overall  rate  observed  In.  tho  presence  of 
added  material,  and  the  resulting  net  value  of  rate  of  pressure 
rleo  in  divided  by  the  area  of  the  eurfaoe  of  added  Material 
exposed,  la  the  column  ear  lead  R/H-,  valuee  of  the  relative 
pressure  rise  por  unit  tine  per  unit  area  for  various  materials 
relative  to.  glass.  R»  *'2.94  pel /min  aq  la.,  are  given.  It  la 
evident  fr ow  a  comparison  of  teats  11,  14,  13,  18,  20,  22,  and 
25  with  tents  10,  12,  17,  19,  SI,  and  24  in  Table  1  that  the 
metals  vlth  oxidised  surfaces  catalyse  the  decomposition 
reaotloa  »oro  extensively  than  do  metals  vlth  clean  unoxidised 
surfaces.  Aluminum  alloys  and  copper  appear  to  oatalyso  tho 
renotion  less  than  do  tho  etoel  alloys,  except  stainless  steels 
types  303 -A  and  3o4,  vnleh  catalyse  tho  reaotloa  to  approximately 
the  same  degree  as  do  aluminum  alloys  and  cupper. 

It  la  evident  froa  tests  6  and  7  in  Table  X  that  tho.  rate 
of  thermal  decomposition  ot  hydra sine  la  Markedly  Inhibited 
elthor  toy  eadirlum  plating  of  tho  aurfaoe  of  the  pressure  vessel 
or  by  the  prenenoa  of.  cadmium  hydroxide  dissolved  in  the  liquid 
phase  of  hydraslno.  Tho  effect  of  cadmium  plating  of  tho 
vessel  and  of  the  addition  of  cadmium  aoetate  to  the  solution 
Is  shown  In  figures  3  and  3.  Xn  Figure  3  is  ohovn  quantitatively 
the  offset  of  various  amounts  of  Cd(Ae)o  •  2HpO  as  an  additive 
to  hydraslno  on  the  m>.c  of  pressure  rise  at  455°F  In  the 
stainless-stool  type  247  teat  vessel.  It  is  sssn  that  froa 
0.5  to  1.0  por  asnt  by  veight  of  ondmium  aoetate  hydrate 
effectively  lovers  the  initial  decomposition  rato  about  tvelve 
fold  over  the  fate  vh»a  no  additive  is  prssont.  The  moohanlea 
by  vhloh  oadialtua,  either  In  solution  or  plated  on  the  vesael 
vail,  eats  as  an  Inhibitor  has  not  been  established. 

Tetraethyl  lead,  lead  aoutate.  and  liquid  moroury  vore 
added  in  quantities  of  about  25  gmAiter  to  the  liquid  phase, 
and  none  of  these  additives  measurably  affeotsd  tho  decomposition. 
H3SO4  and  XOH  added  to  the  liquid  phase  appear  to  oatalyso  the 
decomposition.  To  lover  the  freeslng  point  of  hydraslno.  nltrlo 
add  is  sometimes  Addc!  to  give  hydresine  nitrate.  In  Figure  4 
le  ahovn  tho  decomposition  ruts  as  a  function  of  veight  per 
oent  HHO*  for  hydraslno  containing  0.5  veight  per  oent  cadmium 
aootate  Stored  at  ISO0?.  The  effect  of  HN0;j  In  inoroaeing  the 
decomposition  rate  precludes  tho  presenoe  or  this  additive  In 
hydraslno  used  for  regenerative  cooling.  The  effeot  of  added 
flpO  on  the  rato  of  deeoaposition  at  450°F  is  also  ehovn  la 
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Figure  4,  und  it  Is  evident  that  HgO  inhibit*  this  rat®  slightly. 
HC1  is  found  to  catalyze  the  decomposition  more  markedly  then 
do  the  other  acids,  and  this  behavior  suggests  that  chloride 
is  a.  specific  catalyst.  From  test  8  in  Table  X' the  ineffective¬ 
ness  of  cadmium  chloride  in  inhibiting  the  decomposition* 
eonpared  vlth  the  other  cadmium  salts,  may  be  due  to  thia 
catalytic  effect  of  ohlorlde. 

Socket  motors  were  re gene rati vely  cooled  uning  hydrazine, 
and  eorne  seventy-five  engineering'  teats  were  made.  Fuming 
nitric  add  containing  6  1/2  weight  per  cent  XQg  va«  used  aa 
oxidizer.  The  cooling  passages  of  the  motor  were  made  of  oare-  . 
fully  cleaned  otalnless-stoel  347  tubinj  for  moot  of  tha  testa, 
and  a  limited  number  of  tests  was  made  vlth  copper  and  steel 
1020  as  cooling  passages.  A  motor  with  stainless -stool  J47 
cooling  coils  and  a  characteristic  length  L*  of  31  inohes  vaa 
successfully  cooled  rogtme rati vely  with  hydrazine  over  a  range 
of  chamber  pressure  from  I78  to  412  psia,  and  a  motor  having  a 
value  of  I.*  of  13  Inches  was  operated  ovor  a  range  of  chamber 
pressure  from  106  to  430  psia,  The  maximum  bulk  temperature  of 
tho  ocolant  hydrazine  entering  the  injector  vas  4j85F.  When  . 
stainloso-nteal  347  tubing  was  used  in  the  oooling  passages, 
no  explosions  occurred  during  regenerative  cooling  with  hydrazine 
either  with  or  without  a  combination  of  oadralua  plating  of  the 
steel  und  the  presence  of  cadmium  salts  in  the  hydrazine. 

However,  cure  had  to  be  taken  to  eliminate  regions  in  the  oooling 
passages  whore  hydrazine  could  stagnate  and  overheat.  With 
ooppor  or  eteel  1020  oooling  passages,  failures  ooourred. 

The  performance  obtained  with  motors  regene rat lvely  cooled 
with  hydrazine  was  higher  than  expeoted,  and  the  gain  la  per¬ 
formance  vas  greater  thin  could  bo  uccounted  for  by  the  inorease 
in  30ns ibla  heat  of  the  incoming  hydrazine.  Thie  inorease  in 
performance  is  attributed  to  increased  rates  of  combustion 
re suiting  from  Injection  of  hen tod  hydraclno  into  the  motor. 
Complete  details  of  the  results  of  these  rooket  tests  are 
presented  by  Brigllo  (Cl*.  Kef.  9). 

Conoluetlone 

Aa  a  regenerative  coolant,  hydrazine  ie  liable  to  exoessive  . 
decomposition  on  oxidized  metallic  surfaces.  Even  on  clean 
metal  surfaces  the  decomposition  rate  la  high  enough  at  elevated 
temperatures  to  be  intolerable.  Aluminum  alloya  23-0  and  243-T3 
and  copper  are  superior  to  steels  1020  and  4130,  etainlosa 
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an<S  50!?,  and  iron.  However,  atalnleea  ateele  303-A 
aad  304  are  eomparable  to  tha  aluminum  alloys  and  copper  la 
tola  reapeot,  It  la  recowaenaed  that  all  metal  surfaces 
exposed  to  the  hydretlno  bo  plated  vlth  cadmium'  and  that  from 
0.5  to  1.0  per  oent  of  Cd(Ao)a  •  2HS0  be  added  to  the  liquid 
phaat  to  minimise  thermal  decomposition  of  hydraaine  during  the 
prooeaa  of  regenerative  ooolln*.  . 
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HIGH  PRESSURE  THERMAL  DECOMPOSITION 
OP  HLDRAZINI  . 

R.  L.  Vehrli  and  M.  It,  Olitn  •  • 
Reaotlon  Motors,  iso. 
Presented  bp  M.  N.  Olsen  ' 


Under  sponsorship  of  ths  Navy  Bureau  of  Aeronautics, 
Reaction  Motor*,  ino.  1*  currently  developing  a  liquid  pro¬ 
pellant  poverplant  to  operate  aircraft  catapult*.  Tvo  model 
poverplants  have  thu*  far  been  oonstrueted  and  launching  testa 
with  a  slotted  tube  catapult  have  been  successfully  completed. 

The  catapult  poverplants  roly  upon  high  pressure  combus¬ 
tion  or  decomposition  of  liquid  propellante  for  the  contlnuoua 
production  of  largo  quantities  of  gas.  This  gas  Is  then 
admitted  dlreobly  Into  a  catapult  tube,  vhoro  it  does  vorb 
against  a  eliding  piston  which  is  connected  to  the  plane  or 
missile  to  be  launched. 

Although  these  poverplants  ware  originally  designed  for, 
and  are  presently  successfully  operated  with  gasoline  and 
liquid  oxygen,  temperature  ana  control  problems  forced  consid¬ 
eration  of  other  propellant  combination*.  Since  these  and 
other  problems  could  be  avoided  through  the  use  of  different 
roaotants,  a  supplementary  catapult  propellant  Investigation 
was  initiated.  In  this  now  program  nigh  pressure  laboratory 
test  apparatus  was  constructed  and  combustion  and  decomposi¬ 
tion  experiments  were  mads  with  a  variety  of  propellants. 

The  high  pressure  apparatus  and  the  decomposition  tests  with 
anhydrous  hydraslne  are  the  eubjerts  of  thla  presentation. 

In  order  to  qualify  for  oetapult  use  a  monopropellant  must 
lend  Itself  to  stable,  efficient,  continuous  decomposition 
without  the  aid  of  a  catalyst.  Therefore,  It  was  necessary 
to  study  means  of  Initiating  and  sustaining  controlled  thermal 
decomposition  of  anhydrous  hydraslne  over  a  range  of  operating 
pressures.  The  pressure  range  selected  ves  2000  to  10,000  psl. 

Absence  of  a  catalyst  was  specified  to  avoid  tho  use  of 
a  second  propellant  material  whloh  vould  complicate  oatapnlt 
operation  and  propellant  eupply,  and  also  to  avoid  the  accumu¬ 
lation  of  residue  In  a  catapult  tube.  Furthermore,  previous 
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experiments  vlth  other  monopropellante,  e.g.,  sthyleno  oxide 
ana  hydrogen  peroxide,  lied  already  demonstrated  the  simplicity 
an1  o .‘  Jitney  possible  vlth  high  pressure  thermal  decomposition 

,  re*---'  " 

>li.j-:ugh  It  v*s  hoped  tl»t  teat  runs  of  tvo  to  three 
minutes  duration  voutd  be  possible  and  in  tone  cases  were, 
all  of  the  hydretlne  testa  vere  of  approximately  one  minute 
duration.  Tne  reaction  efficiency  vas  to  be  determined  through 
accurate  measurement  of  propellant  flow  rate  and  chamber 
pressure.  Various  techniques  for  starting  ths  decomposition  - 
reaction  were  also  to  be  studied. 

Some  of  the  problems  peculiar  to  this  high  pressure 
operation  verej  the  design  and  the  fAbrioation  of  the  chamber, 
the  problem  of  injecting  the  propellants  against  high  reaotlon 
pressures  and  ths  bundling  of  the  rather  heavy  assembly. 

After  careful  study  of  the  propellant  injection  problem 
It  vas  deoided  that  the  controlled  vaporisation  of  liquid 
nitrogen  and  liquid  oxygen  In  evaporators  vas  the  simplest 
means  of  generating  the  pressurising  gas  at  the  pressures 
neo.-ouary  for  injeotlng  ths  propellants,  This  approaoh 
eliminated  ths  need  for  high  pressure  sliding  eoale.  Saturable 
reaotors  (0-10XVA),  visible  on  ths  right  (Figure  I)  vere  prooured 
to  provide  the  eleotrioal  povei-  needed  fur  lamierelon  ooll 
heaters.  These  heaters  vere  plaosd  in  ths  evaporators  vhloh 
vers  enclosed  In  ths  large  Havana  seen  in  the  center  of  the 
picture.  The  evaporator  pressure  vas  read  from  the  safety  of 
the  test  instrumentation  rooms  vlth  the  Bourdon  Gauges 
(top  center)  by  means  of  a  telescope.  The  small  container 
on  the  left  is  ons  of  the  propellant  tonics.  These  tanks  of 
1  liter  capacity  vere  of  stainless  steel  vlth  a  ons  and  ons 
<:uart«r  inch  vail  and  a  modified  high  pressure  Bridgman  seal 
olosura. 

In  Figure  I  a  portion  of  a  test  cart  designed  to  handle 
the  vaporisation  assembly  is  visible.  This  test  cart,  eon- 
struoted  of  one  half  Iron  steel  plats  mounted  on  heavy  duty 
castors  made  it  possible  to  easily  nova  ths  assembly  in  the 
laboratory  and  in  the  test  cell.  Ths  evaporators,  propellants, 
tanka,  high  pressure  valves,  fittings  and  tubing,  ail  doslgned 
for  a  15,000  psl  vorklug  pressure,  and  the  eleotrioal  reactors 
totalled  approximately  2000  lb. 

The  evaporator  vesisis  (7  liter  oapaoity)  in  vhloh  the 
eleotrioal  heating  colls  vers  immersed  are  anovn  la  Figure  II, 
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These  vessels  are  also  of  stainless  steel,  having  the  cams  vail  •  ; 

thickness,  and  a  modified  Bridgman  seal  closure.  They  vere 
purchased  from  Autoo lave  Engineering,  in a >  of  Brie,  Pennsylvania.  t 
In  praotloe,  pressures  of  fro*  19,000  to  15,000  pel  vere  generated 
in  these  evaporators  vithln  five  minute*  after  the  power  vaa  toned  ) 
on,  j 

The  baale  hydras  Ins  decomposition  ohaaber  la  shown  In 
Figure  ni.  The  eloeures  oentaln  threaded  steel  plugs  vhloh  I 

were  machined  to  provide  varioua  Injector  and  exhaust  nossle  j 

configurations  depending  on  the  propellant  or  propellant  oom- 
binntlon  being  tested. 

VArlous  liners  ver-  used  in  the  program  but  for  tho  hydrofine 
teste  liners  of  either  slroonlum  dioxide  or  oarbon  were  used,  2 ha 
liners  vero  used  not  only  to  protect  the  chamber  and  out  .down 
heat  loss  but  also  to  eliminate  oatalytio  effects  at  the  steel 
vails, 

Ae  shown  in  Figure  III  provision  was  made  for  preheating 
the  chamber  with  an  Igniter  device.  Hydrasine  was  Introduced 
Into  the  chamber  only  after  the  ohomber  temperature  reached  *  I 

approximately  120(TF.  rreoautions  wore  taken  to  mice  certain 
the  ohamber  was.  sufficiently  preheated  since  In  one  of  the  i 

early  teste,  an  overlong  induction  period  caused  by  nonunlfora  1 

preheat  reuulted  In.  «  hard  start  -  sufficient  to  distort  tho 
one  and  one-fourth  lnoh  ohamber  vail.  i 

| 

The  following  brief  discussion  of  the  operating  procedures  ' 

Is  based  on  Figure  IV  (Schematic  of  High  Pressure  Supply  System).  j 
Although  both  a  fuel  and  oxldiaer  system  are  shown,  only  one  half 
of  It  is  used  for  tests  with  monopropsllants.  The  intermediate 
tani:  In  the  fuel  system  was  suppliod  with  liquid  nitrogen  directly 
from  the  liquid  nitrogen  reservoir.  This  nitrogen  woe  then  forced 
Into  the  evaporator  by  gas  pressure  generated  In  the  Intermediate 
tank  through  the  action  of  an  exohanger  ooll .  when  the  evaporator 
vaa  full  ae  evidenced  by  the  escape  of  liquid  nitrogen  through  [ 

the  vent  valve  the  system  vac  sealed  and  pernonnel  vere  cleared 
from  the  teat  cell.  The  remainder  of  the  operation  was  remotely 
controlled. 

I 

The  propellant  restriction  valve  (no.  h)  was  opened  vhloh 
permitted  proauurlslng  of  tho  syotom  to  the  prbpellant  motoring  , 

valve  (No.  8).  At  this  stags  tho  power  avltohea  vere  olosed 
and  the  pover  Input  to  the  Immersion  coll  m  the  evaporator 
adjusted  by  means  of  a  variao.  Within  several  minutes  a  12,000  > 

to  15,000  pal  gae  pressure  vaa  built  up.  When  the  desired 
pressure  was  rsaohed,  a  hydrogen-oxygen  Igniter  vas  turned  on 
for  about  30  eeoonda,  thereby  preheating  the  ohamber  to  1800°F. 

i 
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At  this  point  the  hydraslne  vu  mtroduoed  Into  the  ohamber  by 
opening  the  on-off  quick  acting  valve  (No.  1)  and  metaring  valve 
No.  2.  The  tent  run  oontlnued  vlth  the  chamber  pressure  eon- 
trolled  through  fuel  metering.  All  of  the  hydraslne  tent  runa 
yarn  of  about  sixty  aeoonda  duration,  Halted  both  by  the  fuel 
supply  and  evaporator  preeaure.  The  run  vai  terminated  by 
oloelng  the  qulok  aetlag  valve  (No.  1)  and  simultaneously 
opening  the  blov  down  valve  (no.  13). 

A  eerlea  of  tventy-asvsn  teat  runa  vere  successfully 
ooapleted  vlth  'iydrsilns  In  the  o heater  preeaure  range  or  from 
2,000  to  10,000  pel.  Chamber  preeaure  aeaeureaehte  vere  made 
vlth  ooaaeroial  atain  gauge  traneduoare  and  a  telf-balanolng 
potentiometer  (•+■  l.Jj*).  In  all  oaeea  smooth,  oontlnoue  con¬ 
trolled  decomposition,  thermally  Initiated,  vae  aohieved. 

Time  versus  ohamber  preeaure  reeorde  of  three  teat  rune 
aro  shovn  in  figures  V  and  VI.  These  typltel  reeulta  illustrate 
both  the  rapid  ohamber  preeeure  build-up  aud  the  chamber  pree- 
eure  oontrol  aohieved  by  the  metered  hydrailne  flow  control. 

Plova  vere  meaeurod  by  moan*  of  a  Potter  rotating  vane  flow¬ 
meter  and  a  Bruch  typo  Galvanometer  recorder.  The  overall  flow 
measurement  aooureoy  vaa  £  1.5 A  high  preeaure  housing  vae 
devlaed  for  the  rotating  vane  element  and  repeated  flov  calibra¬ 
tion  lndloated  that  the  volumetrio  flov  meaeurementa  vere 
Independent  of  density  and  preeaure. 

The  intent,  of  thla  study  vae  not  only  to  maintain  deoomposl- 
tlon  at  those  high  precaurei  but  also  to  obtain  relative  per¬ 
formance  data.  Consequently,  the  restrictive  exhaust  orifloe 
vae  oursfully  moasured  and  the  performance  vie  based  on 
characteristic  exhaust  velocities,  0*  defined  In  the  following 
equation i 


?ob  ■-  ohamber  preeaure,  psla 
g  %  gravitational  a  on a tent,  386, A  ln/iao8 
At  s  throat  area,  las 

V  s  Total  propellant  flov  lb/eeo 

Bvldently  little  gas  generation  performanee  advantage  la 
gained  by  operating  at  pressure!  above  about  6000  pel  einoe  a 
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,■  soft  inorease  la  ohamber  pressure  at  this  point  reeulte  la  only 

'  a  3%  Increase  la  0*.  The  particular  value  of  theaa  data  llaa 

la  their  uee  for  comparative  purpoaea  vlth  othor  propellants, 
por  example,  data  collected  In  tho  investigation  shov  that  0* 
for  ethylene  oxide  under  the  some  oondltlona  le  about  6 $<  higher 
than  that  for  hydraalne. 

in  conolualon,  It  should  be  emphasised! 

1  •  (l)  That  controlled  thermal  decomposition  of  hydraalne  hita 

bean  demonstrated  In  the  preesure  range  1600  to  10,030  pal, 
i  Decomposition  below  1500  pel  becomes  more  orltloal,  No  apparent 

aerloua  problems  confront  sustained  thermal  decomposition  at 
even  higher  pressures, 

»  (8)  Chamber  preheating,  either  by  electrloal  roolctanne 

elements  or  vlth  a  gas  torch  le  extremely  dependable  for 
Initiating  the  decomposition  of  anhyroui  hydraalne.  Many 
testa  characterised  by  smooth  starts  and  good  oontrol  demon¬ 
strated  this. 

(3)  At  elevated  pressures,  ohimbor  and  Injector  -configura¬ 
tions  bcooiae  less  critical  and  consequently  good  performance 
>  oan  oe  achieved  vlth  very  simple  dev loss. 

in  the  opinion  of  the  authors,  operation  in  the  high 
pressure  realm  offers  many  advantages  in  miniaturisation  of 
otherwise  heavy  duty  equipment,  because  of  the  development 
of  high  pressure  sliding  seals  present  high  pressure  apparatus 
can  be  greatly  simplified  by  cubntitublDg  piston  faed  units  for 
evaporators,  Tho  authors  believe  that  valuable  Information  has 
bean  obtained  and  techniques  aoqulrnd  through  these  etudlea  In 
this  relatively  unexamined  arts.  However,  additional  studies 
should  be  conducted,  particularly  on  fast  starting  techniques 
and  oatalytlo  effects  m  the  higher  pressure  ranges. 


:>?<  ■  A  lt::.,  .■-M  r 


139 

RESTRICTED 
SECURITY  [FORMATION 


,  t 


CONFIDENTIAL 


DECOMPOSITION  PATES  OF  HYDRAZINE  AND  HYDRAZtNR  NITRATE 
SOLUTIONS  AT  HIQR  PRESSURES 

by 

V.  L.  Thompson 
Redel  Incorporated 


The  employment  of  hydrazine  as  a  propellant  in  liquid  pro- 
Follant  guns  is  an  important  fAator  in  the  consideration  of  thl* 
chemical,  Potentially,  large  tonnages  of  hydrazine  may  bo  con¬ 
sumed  in  thin  manner  And  in  the  present  developmant  ^hase  of  the 
liquid  propellant  gun  program,  many  facets  of  Imovledgo  of 
hydrazine,  Its  properties,  and  its  reactions  ore  being  brought  to 
light.  The  Services  havo  a  well  integrated  plan  of  research  and 
development  vhloh  is  boing  carried  on  at  various  universities, 
Service  laboratories,  and  private  firms ,  As  e  part  of  this 
effort,  Redel ' Incorporated  ia  investigating  the  variation  of 
reaction  rates  of  hydras! no  propellant  solutions  with  vide 
differences  of  conditions  such  at  pressure  and  temperature.  Tho 
knowledge  of  those  reaction  rates  Je  important  in  the  design  and 
development  of  tho  guns  as  it  will  allow  maximum  energy  release 
for  propulsion  without  exceeding  the  strength  limits  of  the 
barrel  and  will  allow  rapid  cycling  of  propellant  loading  without 
cartridge  cases.  Tho  full  advantage  of  liquid  propellants  oan 
not  bo  utilised  unless  the  rouotion  in  the  chamber  is  under 
control  at  all  times. 

The  program  of  investigation  initially  oalls  for  the 
determination  of  ronotlon  rates  for  pressure  variations  from 
atmospheric  to  30,000  pol,  for  solutions  of  hydrazine  -  hydrazine 
nitrate  -  water,  The  compositions  under  teat  at  present  range 
from  straight  oouweroial  hydrazine  to  a  solution  of  hydrazine 
saturated  with  hydrazine  nitrate  -  approximately  85$  hydrazine 
nitrate  by  wo'  p,at. 

The  apparatus  in  which  tho  rate  determinations  are  made 
consists  of  a  glass  tube  with  fine  burnout  vlros  soalod  in  at 
inch  intervals .  The  propellant  is  ignitod  by  an  eleotrioal 
aquib.  Au  tho  reaction  of  the  propellant  proceeds,  tho  reaoting 
level  drops,  the  fine  wires  burn  out  and  cause  a  step  in  an 
oscilloscope  uveop  to  indicate  tho  time  at  vhioh  saoh  wire 
broakv.  Tho  apparatus  la  positioned  in  a  200  co  bomb  and  pressur¬ 
ized  with  nitrogen  to  the  dosired  pressure. 
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Ignition  could  not  bo  attained  with  tho  squib  with  hydrazine 
alone  or  the  usual  gun  prcpollant  composition?  at  pressure*  up  to 
2000  pal.  Tests  were  then  started  with  solutions  vary  rioh  in 
hydrazine  nitrate.  It  was  found  that  liquid  monoprepellants 
were  like  oolld  powders  in  that  below  ocme  "oritical''  preaaure 
for  each  composition,  the  reaotlon  oeauod,  , 

The  figure  illustrates  the  relationship  between  reaotlon . 
rates  and  preaaure  for  a  number  of  propellant  composition* • 

This  graph  is  plotted  as  the  log  of  rate  In  lnchoa  per  second 
against  the  log  of  pressure  In  pounda  per  square  Inch.  The 
slope  of  the  lines  In  therefor*  the  exponent  MnM  In  the  oxpreeeion 
'•“ap.  This  expression  la  the  simplified  work-horse  relationship 
used  in  burning  rate  calculation*  for  solid'  propellants. 

It  Is  of  interest  to  not*  that  "n"  for  oolld  rooket  pro¬ 
pellants  is  in  the  range  of  0.70  to  0.85  and  for  solid  gun 
propellants  in  the  range  or.  0.70  to  1.11. 

Values  of  "n"  for  the  hydrazine  compositions'  have  been 
meaoured  as  follows) 


N2H)(RN03 

WgHi} 

» 

85 

15 

2.36 

80 

SC 

2.83 

70 

30 

.  2.68 

60 

40 

2.51 

50 

50 

2.23 

The  breaks  in  tho  curves  are  of  great  interest,  Breaks  are 
noticeable  in  the  70-250  curve,  the  60-40  and  the  50-50  peroent 
curves.  When  tho  bmak  ocours.  the  exponent  "n"  or  tho  slope 
drops  from  2.68  to  1,26  for  the  70-30  ourve  and  fruit  2.51  to 
1,02  for  the  60-40  ourve.  The  breaks  occur  at  decreasing  rate 
values  for  the  decreuolng  nitrate  percentage  solutions.  There 
would  ceera  to  bo  u  correlation  between  (composition  and  the 
occurrence  of  the  brook.  Tests  will  be  made  above  50,000  pel  in 
the  future  to  deteimlnn  If  other  breaks  ooour  ivi  the  curves, 
future  lusts  will  also  bo  made  at  other  temperatures. 


Tho  80#  nitrate  ••  20#  hydrazine  solution  doss  not  exhibit 
a  break  at  the  high  end  of  the  ourve.  It  runs  up  to  a  rate  of 
30d  inches  per  second  at  5000  pal,  enters  a  region  of  poor 


CONFIDENTIAL 

reproducibility  and  above  8000  pot,  detonatlone  occur.  With 
the  8o£  nit  rata  solution  a  break:  does  occur  at  tha  lower  and  or 
tho  curve.  The  slope  of  the  displaced  eevmfent  in  almost  the 
same  as  the  main  curve.  Below  thereto  or  1.15  inches  pef 
oeqond  At  1100  pel,  the  reaction  will  not  continue.  Thin  brock t 
Is  believed  to  correspond  to  brealcn  In  reaction  rate  -  proaatire 
ourves  of  other  monopropellanta  found  by  Vhlttaker  ard  otheru  at 
the  Naval  Ordranoe  Test  Station.  Their  work  shoved  a  number  or 
monopropollant  ooaponltlonsj  for  example,,  a  mixture  cf  2  nitro- 
nropani  and  nltrlo  aoid,  hud  breaks  in  the  raglon  of  0.5  to  1.5 
inches  per  second..  These  breaks  are  believed  to  be  mainly 
chemical  in  nature,  probably  the  ovideneo  of  a  change  of  reaction 
mechanisms  or  processes,  Physical  paraaotera  such  as  the  tube 
diameter,  tube  composition,  fluid  viauouity,  may  vary  the 
tion  of  the  break  but  are  not  responsible  for  ite  existence.  The 
other  solutions  on  the  graph  do  not  react  in  this  rate  range  ana 
so  the  possible  breaks  are  mauked. 

In  discussing  dh&ngsu  in  reaotlon  mechanisms  it  would  be 
well  to  examine  the  work  of  Dr,  Adams  of  Waltham  Abbey,  England. 
!5r.  Adams  ignited  commercial  hydrazine  In  a  glaso  tube  by  mean* 
of  a  hot  wire.  Tho  tests  wore  conducted  in  equipment  wherein 
bho  pros sure  could  be  variod.  Dr.  Adams  determined  reaction 
l'ato  -  pressure  relations  for  aeverul  compositions  of  .hydxnslii# 
and  water.  These  rates  wore  0,004  to  0.05  inches  per  second,  a 
vary  low  range  when  compared  to  the  rate  of  ?.  to  500  inoheo  per 
second  of  the  high  nitrate  jolutlons.  |  : 

Dr.  Adams  reported  that  as  tho  prsuaure  was  increased,  the 
reaction  rate  lnoreaued  towards  a  .maximum  l.mit  but  above  10 
atm  (130  pel)  or  up  to  50  atm  Tor  aomo  compositions,  the  repro¬ 
ducibility  got  bad,  the  reaotlon  rate  was  no  longer  proportional 
to  pressure  and  above  a  critical  pressure,  the  reaotlon  was 
extinguished.  Our  laboratory  ran  similar  teste  and  obtained 
results  Identical  with  Dr.  Adams. 

It  la  of  interest  that  Dr.  Adame  got  successful  tests  from 
atmospheric  pronsure  to  a  maximum  of  450  pal  giving  very  low 
reaction  rates  whereas  our  laboratory  started  with  higher 
pressures  working  down  t?  1050  poi  fox*  one  oolutlon  with  other 
oomposlttono  having  muuh  higher  critical  pressures.  In  between 
those  roglone  of  successful  testing  is  an  area  where  the  re¬ 
actions  have  not  yielded  to  study.  This  presents  a  field  for 
future  rosearoh  In  the  study  of  hydrazine. 

At. atmospheric  preesuro, , the  overall  decomposition  resetion 
of  hydra  sine  is  NsHt,  — Nil.  *  i  Ha  +  *  Wo,  K  ■  85  K  Cal. 

However,  at  higher  pressures  tho  predominant  reaction  1st 
NgHg  —  Ng  ♦  SHg  H  +  -18  K  Oil. 
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neither  of  thoee  reactions  represents  the  eotual  prooeso 
of  the  decomposition  of  hydraslne  at  low  pressures.  The  actual 
process  may  ha  represented  by  the  equations i 

h8h*  — - 

JTgH^  +  MHg  HHj  H8Hjj 

HgHj  mmmm  '  Ifg  ***  Hg  4*  H 

op  IfjHj  »•*“  K8Hi|  4*  KHg 

H  +  mmmm  TO  4*  ICHg 

vtth  termination  motions 

H  +  WjjHj  — —  Ka  4*  2Hg 

WH24-  h2h3  — “  TO-j4*N2+H8 

Hall*  and  Murray  pro n urns d  that  the  reaction  JI2Hji  —  SNHg 
vas  th*  rate  determining  atop.  .It  la  a  first. order  decomposition 
with  an  activation  energy  of  ,/So  K  eal/mole.  Hovever,  this  would 
ilnilt  the  linear  rate  of  burning  with  respoot  to  the  unburned  gaa 
to  >0  oantiuetere  per  ae.oOnd.  This  is  greatly  exoeoded  and  thus 
the  decomposition  reaction  is  not  to  be  oonsidered  aa  the  rate 
determining  step.  Kilo  it  formed  by  several  of  the  reaction*  ae 
well  ae  the  initial  decomposition. 

The  above  reactions  are  those  of  the  decomposition  of 
hydraalne  only.  Add  to  these,  the  rsaotions  of  nitric  add, 
the  oomplexltiuB  of  the  nitrogen  oxides,  the  oxidation  processes, 
and  ons  realise*  the  difficulties  in  mapping  the  reaotion  process 
of  the  monopropollant  solution.  The  predominance  of  particular 
and  products,  -  ammonia  or  nitrogen  and  hydrogen  -  depends  on 
the  equilibrium  constants  and  reaotion  rat*  variation*  of  these 
reactions  under  varying  oondltlone  of  pressure  and  temperature. 
The  regions  of  unstable  reactions,  discontinuities  in  the  rate 
-  pressure  curves,  and  points  of  *oritloal*  pressure*  undoubtedly 
represent  sets  of  conditions  wherein  th*  ohaia  of  reaction  le 
changing. 

It  may  be  of  interost  to  not*  that  all  investigations  of 
chamber  pressure  in  guns  using  the  hydraalne  monopropellant 
have  shown  rough  combustion  or  pressure  surges  as  compared  to 
tho  burning  of  solid  propellants.  Xt  Is  thus  indicated  that 
the  reaotion  proem  may  be  more  sensitive  to  pressure  or 
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temperature  change*  than  conventional  propellants.  Tests  vith 
a  omall  caliber  rifle  indicate  phenomena  in  the  sun  that  might 
bo  explained  b7  the  breaks  in  tho  curves  previously  rtisoueced. 

A  correlation  botveen  the  ballistics  of  thts  propellant  system 
and  tho  theoretical  unalyals  of  tho  hydratlno  reactions  la 
beginning  to  form,  It  may  taka  several  years  to  attain  a  dear 
pioturo  but  a  start  is  being  made. 
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DISCUSSION  ON  PA  ms  BY  J 

DR.  HOWARD  V.  KRUSE,  DR.  D.  M,  MASON,  MR.  M.  N.  OLSEN, 

AND  MR,  THOMAS  L.  THOMPSON  j 

1 


THE  OHAIRMANt  Thunk  you,  Mr.  Thompson. 

The  first  four  papers  are  nov  open  for  diiouielon  and  • 
please  announce  your  name  clearly,  your  affiliation,  and  your 
dlsouo lion  clearly  so  we  nay  take  It  down,  and  do  not  bo  afraid 
to  use  the  blackboard  if  you  have  any  facts  and  flguree  you 
would  like  to  present , 

MR.  V,  N.  OR I WIN  (Mathiason  Ohomloal  Corporation)!  I  have 
two  comments  to  add  to  Dr.  Mason's  paper  on  thermal  deoompoaition 
bomb  studios.  Slnoa  leaving  the  Ivleq  walls,  ve  have  continued 
with  similar  bomb  studies  in  connection  with  the  liquid  propel¬ 
lant,  gun  development  program  for  the  Navy  Bureau  of  Ordnance. 

Just  by  chance  I  happened  to  bring  a  elide  along  with  mo. 

I  might  say  first  that  In  this  work  ve  have  been  interested 
In  studying  tho  effect  of  various  materials  on  tho  deoomposltion 
rate  of  hydraslno.  Therefore,  we  have  used  bombs  which  wore 
made  exclusively  of  the  material  to  be  studied  so  that  only 
that  material  would  come  In  oontaot  with  tho  hydr&ulne  or  hydra- 
sine  vapors,  in.  past  vork  quite  often  deoomposltion  rates  have 
boon  measured  in  a  bomb  of  a  gdvem  material  such  as  stainless 
stool,  but  one  In  vhlah  was  present  void  material,  silver  solder, 
other  metal  gaskets,  and  so  on.  Wo  have  tried  to  be  a  little 
more  consistent  by  keeping  the  hydraslno  completely  Isolated 
from  anything  but  the  one  material  In  question. 

(slide)  (son  page  148) 

Ohown  hero  arc  the  rosults  of  some  tost*  in  bombs  of 
different  materials  and  with  anhydrous  hydraslne  only.  We  are 
also  oonduoting  studies  of  the  hydraslno  -  hydraslno  nitrate  - 
vac  or  mixtures;  howover,  this  work  is  not  complete  enough  to 
bo  roported  on  at  this  time. 


Each  material  indicated  in  the  figure  represents  a 
different  bomb;  however,  the  dimonslons  are  tne  same  In  all 
oases.  Internal  dimensions  are  m  the  same  order  of  magnitude 
as  in  the  JPL  teste. 
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The  reunite  fell*  Into  two  dlstinot  classes.  Relatively 
high  decompo*ltlon  rates  occurred  Id  all  of  the  steal  bombaj 
whereas  oopper,  braes,  and  aovoral  aluminum  alloy*  gave  ratea 
approximately  tvo  per  cent  if  that  obtained  with  .stainless  ateel. 

At  sn  It  vaa  observed  that  1/3  per  beat  eadalua  aeatate 
reduced  the  decomposition  rate  of  hydraalue  la  a  atalnleas  ateel 
bomb  to  one-tenth  of  its  normal  rate,  Rov  vt  obierve  that  the 
rate  for  anhydrous  hydraslae  In  au  aluelnua  bomb,  for  example, 
la  lu  the  order  of  about  one-fourth  or  one-fifth  the  rate  la 
ateel  with  oodalu*  added. 

therefore,  wo  reoently  made  some  brief  teata  to  determine' 
the  affeot  of  ohdalua  on  the  decomposition  rate  In  an  aluminum 
bomb.  Although  the  result*  are  not  ehovn  In  the  figure,  the 
addition  of  cadmium  acetate  had  no  appreciable  of foot.  Apparent¬ 
ly  materials  in  ths  clans  of  aluminum,  and  possibly  oopper,  are 
essentially  lnort  towards  the  thermal  decomposition  reaction  of 
hydraaina,  hence  a  surface  poison  is  not  required,  This  Is  In 
oontrant  to  steel  surfaces  vhloh  aro  apparently  aotlvs,  and 
theroforo  oan  be  Inhibited  by  tho  addition  of  oadraium. 

The  reuulfcn  vith  aluminum  are  of  particular  Interest  since 
this  appears  to  ho  one  of  ths  moat  compatible  of  ths  common 
metals  with  hydrasins.  In  the  past,  If  I  am  correct,  hydraslne 
Ms  not  been  heated  above  500-385°N.,  without  explosive  deoowno- 
cltlan  rates  occurring.  As  shown  on  the  slide,  ve  have  heated 
hydraslne  to  oC0°P.  in  a  75-3T  aluminum  bomb,  at  vhloh  tempera¬ 
ture  the  decomposition  rate  vas  only  10  pol/mln.  which  corresponds 
to  an  absolute  decomposition  rate  of  approximately  3-1/8  per  oent 
per  hour. 

These  results,  particularly  with  the  aluminum  alloys,  should 
be  of  value  both  to  people  e unearned  with  regenerative  cooling  ** 
in  propellant  applications  and  those  engaged  in  hydratlne  manu- * 
faoture  and  storago.  Uanoe  I  consider  It  appropriate  to  offer 
this  material  at  this  time. 

TEX  CHAIRMAN!  Thanh  you. 

Any  further  dlseurslonf 

MR.  PAUL  M.  ORDIH  (NASA,  LFPh.  Cleveland)!  Dr.  Mason,  ■. 
do  you  reoall  the  heat  transfer  values  In  your  rooket  engine 
teats? 

DR.  MASONi  Off-hand,  X  don't  know.  Mr,  Grant,  of  jfh, 
who  Is  present,  perhaps  oan  ansver  your  question. 
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MR,  A.  T.  ORA  NT  (Jet  rropulelon  laboratory}!  Two  B.T.U. 
p«r  square  lnoh  por  second. 

THB  OUA  IRKA  lit  Bp.  Haller.  you  have  Boon  »«)r  quiet.  Bo 
you  vast  to  say  a  few  word a  about  cadmium t 

DR,  HALURi  X  don't  think  It  la  quit#  appropriate.  X 
would  ratbap  watt  until  aftar  Or.  pastor  proaonta  hla  paper] 
it 'a  very  partloant. 

MR,  TROYAN i  X  would  Ilka  to  aako  ona  constant. 

There  van  eons  oonnant  made  about  tha  effect  or  vapoy 
exposure  to  tha  metal  ourfooe  as  contrasted  to  liquid.  Accord¬ 
ing  to  your  statement  you  saw  no  conerata  afraot  but  there  was 
Indication  of  poeolbly  more  decomposition  ocouprlng  In  tha  vapor 

stage, 

DR,  MABONi  X  would  not  oetegoMoally  state  that  deoonpo-  ■ 
altlon  In  the  liquid  phase  dues  nut  ooour,  Tha  raeulta  vo 
reported  are  those  that  were  observed  undor  the  oondltlona  of 
our  measurements.  By  the  nature  of  our  tteaaurewentn  sons  gan  phase 
in  always  percent ,  No  touts  were  made  where  this  phase  was 
completely  excluded.  My  (idea*  in.  without  experimental  verifica¬ 
tion  that  there  may  possibly  be  oonourrant  decomposition  in  tha 
liquid  phase]  although  tha  gas  phase  reaction  la  more  rapid 
according  to  our  experiments, 

MR,  THOYAHi  X  seem  to  recall  that  you  said  that  regardless 
of  tha  ullage- you  got  no  algnlf leant  difference, 

Vo  have  some  work  which  will  be  reported  tomorrow  that 
lndloatna  very  definite  offsets  —  a  large  difference  In  . 
decomposition.  However,  the  work  was  done  at  50  degrees 
Oentlgrnde  where  possibly  there  isn't  as  nuoh  Inert  gas 
evolved  by  decomposition  and  there  la  more  hydraalne  available 
In  the  gaa  pliaae.  let'a  icy,  than  there  la  when  you  are  deoom- 

¥os1iik  at  muoh  higher  rates  where  In  tha  gee  phase  you  have 
ess  hydraalne.  X  don't  know  whether  that  le  a  vualltative 
viewpoint  or  not, 

DR,  MASONi  The  partial  pressure  of  hydraalne  over  liquid 
hydraslne  should  not  be  markedly  dependent  on  the  preaoure  of 
Inert  gasee  In  the  system.  Our  observation  wee  that  the  Initial 
rate  of  pressure  rlao  in  the  syatea  with  time  was  Independent  of 
ullage,  vhloh  euggeata  that  a  gas  phase  reaction  la  oontroll'ng 
at  tha  elevated  temperatures  of  our  measurement*. 

MR.  ERNEST  D,  CAMPBELL  (0.8.  Naval  Ordnance  Teat  Station)! 

X  would  lime  to  ask  Dr,  Mason,  what  was  la  the  ullage  -  wee  It 
nitrogen!  190 
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DR.  MASON t  That  Is  a  point  whloh  was  not  brought  out  In 
tho  talk  but  Is  mentioned  In  the  papsr.  Tho  initial  gas  phase 
oontainod  air.  thus,  when  tho  temperature  or  tht  listen 'was 
raised,  reaction  between  hydrsilne  vapor  and  oxygen  of  the  air 
sight  be  expected  to  oaour, 

MR,  CAMPBELL)  You  didn't  distinguish  between  the  oxidative 
deoonpoaltlon  and  thermal  decomposition t 

DR,  MASON  (Interposing) i  Of  course  the  total  number  of 
moles  of  oxygen  Initially  present  are  small  compared  to  the 
total  number  of  moles  of  hydra sin*  which  decompose  to  give 
large  pressures. 

MR.  GRIFFIN)  You  might  also  add  that  by  the  time  you 
attained  the  temperature  at  whloh  the  measurements  ware  made 
probably  all  of  the  oxygen  of  the  air  had  reacted,  leaving 
esse/it  tally  only  nitrogen  plus  hydras  in*  vapor  ana  hydraslne 
decomposition  products. 

THE  CHAIR MAN i  2  would  like  to  have  Dr.  Kruso  of  N0T5 
Just  briefly  outline  th«i  work  In  .progress  at  our  laboratories 
on  the  thermal  decomposition  of  liquid  hydraslne. 

DR.  KJiCflNt  We  are  starting  to  make  soma  measurements  at 
75  degrees  0.  That  temperature,  is  very  close  to  *  figure  we 
got  from  the  Bureau  as  the  upper  temperature  limit  that  a  pro¬ 
pellant  should  withstand. 

Thu*  far  ws  have  found  that  hydraslne  decomposition  In 
glass  containers  at  75  degree*  Centigrade  proceeds  so  slowly  as 
to  be  almost  Immeasurable,  that  is,  on  the  order  of  less  than 
one  per  oont  per  year. 

At  present  we  ere  trying  to  rind  out  whether  decomposition 
Is  taking  place  In  the  liquid  phase  or  in  tho  vapor  phase,  or 
both,  ir  decomposition  ooouvs  in  tho  vapor  phase,  we  shall 
attempt  to  find  out  whether  it  take*  place  on  the  walla  of  the 
oontalnor  or  In  the  free  spaoe. 

..  v?  onl7  *  Uttle  data.  Theeo  data  indicate 

that  hydraslne  1s  very  stable,  in  tho  absence  of  air  or 
oatalyata,  decomposition  Is  extremely  alow, 

THK  CHAIRMAN)  Thank  you.  Dr.  Kruse, 

Professor  Waring,  do  you  have  any  comment  to  make  on  this 
decomposition  work  that  has  been  presented? 


PROFESSOR  0.  I.  VARINO  (university  of  Connestlout)i  Ve 
have  beon  investigating  the  decomposition  of  hydraslne  vapor 
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nt  elevated  temperatures ,  that  is,  around  200  to  400  degrees 
Centigrade.  All  I  can  say  no*  is  that  it  Is  heterogeneous, 
vhlcli  agree#  with  previous  reports  on  Its  behavior, 

2  would  like.  If  2  way i  to  add  another  comment  about  burning 
rate  studies  at  high  preseuree, 

THH  CHAIRMAN i  gurely. 

PROFESSOR  WAR  I  NO  i  If  I  understand  It  oorrectly,  tht  last 
speaker  seeas  to  feel  that  the  breaks  one  gets  in  tne  aurVM 
when  measuring  liquid  burning  rates  at  elevated  pressures  are 
apparently  due  to  a  o hangs  In  tho  chemistry  of  tne  system. 

We  vent  along  with  that  ab  the  University  of  Connecticut 
until  recently  where  we  have  bate  measuring  the  burning  rates 
of  propano  and  nitric  acid  systems,  We  began  to  euspeot  chat 
these  aharaoterletlo  break*  might  be  due  to  physical  effente. 

Some  of  you  may  be  avaro  that  as  you  inores.se  the  pressure 
on  liquid  systems  the  vapor  pressure  tnoreasss.  This  la  the 
Poyntlng  Wlect.  While  vo  are  not  prepared  to  state  this 
finally,  maybe  v*  never  can,  we  began  to  euspeot  there  may  be 
vapor  pressure  relationship*  operative  at  this  vary  high 
pressure, 

THE  CHAIRMAN i  'flunk  you,  ' 
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DETERMINATION  OF  THE  PROPERTIES  OP  HYI'RAZINE  NITRATE 

by 

J,  If,  Mandat  and  D.  W.  Ryktr 

Olla  industries,  Wo.  , 

Prsasntsd  bp  J.  N,  Mandas  - 

.  '  i  j 

i  ♦  ■ 

;  r ' 

At  tho  request  of  tha  Navy  Bureau  of  ordnanoe,  Olin 
Induatplaa  undertook  a  study  of  hydraaine  nitrate  ta  September 
1951.  This  paper  summarises  thaaa  otudleo  to  data. 

In  thla  study,  we  vara  concerned  vlth  the  phyaloal, 
ahetnioal  and  explosive  properties  of-  hydraalna  nitrate.  Tha 
Htablllty  and  compatibility  of  the.aalt  vlth  common  mutorlals 
of  construction  vara  alno  studied. 

Thla  work  quite  naturally  lad  to  a  0 on a  Id oration  of 
methods  for  large-scale  manufacture.  Tha  vork  now  In  progress 
la  directed  to  this  problem. 

4 

PREPARATION 

In  tho  early  stages  of  tha  work,  tha  mnthod  ohoaan  to 
prepare  hydraalna  nitrate  ma  tha  neutralisation  of  Ob#  hydra¬ 
alna  hydrate  to  a  oothyl  red  and  point  with  dilute  (54ll) 
doqolorlaed  nltrlo  add,  Tho  r»aotlon  vaa  maintained  belov 
30°0  and  in  aaoh  lnatanoa  oonaumad  tha  calculated  amounta  of 
rbagent  Indicating  at  leaat  a  99I<  yield  of  the  salt  In  aolutlon. 
The  nnlt  was  aoparatod  from  aolutlon  vlth  a  modified  flash 
evaporator  or  by  boiling  off  the  water  In  a  round  bottom  flank 
under  reduced  pressure,  All  hydraalna  nitrate  used  for  experi¬ 
mental  purposes  throughout  this  vork  wee  prepared  in  this  manner 
from  redistilled  hydraalna  hydrate  aod  O.F.  nltrlo  aold  decolor¬ 
ised  Vlth  urea. 


ANALYSIS 

The  ohomlstry  of  hydraaine  la  new  and  reveala  but  a  faw 
properties  usable  as  vsnloles  for  quantitative  method a  of 
analysis.  The  reducing  aotlon  of  nydrdslne  end  lta  salta  has 
been  the  moat  widely  atudled  to  date  and  vaa  therefore  considered 
to  be  the  beat  approach  In  the  eearoh  for  a  method  of  analysis. 
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An  iodometrlo  method  via  found  whloh  Involved  the  uae  of  standard 
laboratory  equipment  and  nod  the  simplicity  of  technique  neocatary 
for  a  general  method  of  analysis. 

The  work  reported  by  McBride  and  oovorkors^  on  the  direct 
titration  of  hydraslne  with  potassium  lodate  recommends  It  as  a 
suitable  lodometrlc  method  of  analysll,  The  method  adopted  for 
study  vas  the  direct  titration  of  hydraslne  nitrate  with 
potaoolum  lodate  to  the  iodine  moneohlorlde  end  point  uelng 
a  solvent  Indicator.  The  equivalence  point  oocura  when  the 
last  of  the  Ig  formed  In  the  early  stages  of  the  titration  la 
converted  to  X01  on  the  continued  addition  of  tha  potassium 
lodate  solution.  Tha  end  point  la  detooted  by  the  disappearance 
of  the  iodine  color  In  carbon  tetraohlorlde  which  forma  a  second 
phase  In  tha  titrating  flask.  Tha  method  vas  chosen  for  tvo 
reasons]  (1)  Only  ons  titration  is  executed,  (2)  potassium 
lodate  la  a  primary  standardv2). 

It  was  found  in  accordance  vlth  McBride  et.  al.  that  the 
oxoess  of  chloride  ion  must  be  kept  high  to  obtain  an  aoourate 
end  point.  With  the  uhlorlde  loti  concentration  adjusted  above 
six  molar  and  the  hydrogen  Ion  concentration  Approximately  four 
molar,  the  end  point  was  sharp  if  stirring  was  officiant.  One 
tenth  of  a  drop  vas  sufficient  to  oauae  the  change  In  oolor  of 
the  oarbon  tetraohlorlde  phase  from  an  extremely  pale  pink  to 
oolorleaa  at  the  end  point.  The  tendency  to  ovor-tltrate  la 
Inherent  In  tho  technique  due  to  the  rate  at  vhloh  the  system 
attain*  equilibrium)  the  rate  of  attaining  equilibrium  Is 
proportional  to  the  ohlorlde  ion  oonesntratlon.  By  allowing 
at  leant  thirty  seconds  between  eaoh  drop  as  the  end  point  is 
reached,  a  reliable  result  is  obtalnsd. 

To  ahsok  the  standard  potassium  lodate  solution,  three 
samples  of  reoryntalllned  hydraslns  sulfate  were  weighed  out 
And  dlucolved  In  a  little  hot  water,  sufficient  oonoentrated 
acid  vas  added  to  give  a  nix  molar  hydroohiorlo  acid  solution 
at  the  end  point  and  the  resulting  solution  titrated  vlth  the 
standard  potassium  lodate  solution  using  carbon  tetraohlorlde 
as  an  Internal  Indicator.  Tho  overage  of  the  three  titrations 
gave  0,110  an  the  molarity  of  the  potassium  lodate  solution. 

This  compares  vlth  ths  weighed  value  of  0.1107N. 

crystals  of  hydraslne  nitrate  separated  from  a  saturated 
solution  were  dried  In  vaouo  over  anhydrous  oalolum  sulfate  for 
18  hours  at  room  temperature.  Three  samples  vers  qulokly  and 
accurately  velghed  out,  65  mis  of  concentrated  hydroohiorlo 
acid  and  a  few  drops  of  OOI4  wars  added  and  the  rsnultlng  mixture 
tltratod  with  standard  KXO3  ,  Results,  which  are  listed  in 
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Table  X,  show  an  acceptable  order  of  precision,  l.e.,  £  0.3^« 

A.  saturated  solution  of  hydrazine  nitrate  standing  at  room 
temperature  was  used  for  the  determination  of  the  salt  in  solution. 
A  sample  cf  the  solution  (3.93*1  grama)  was  diluted  to  850  tale  and 
allquote  were  delivered  from  a  50  ml  burette  and  titrated  In  the 
following  manner.  50*55  ml*  of  eonoentrated  HOI  and  14-16  gram* 
of,  Naci  were  added  to  over  40  mla  of  measured  solution.  Two  to 
three  drops  of  CCI4  were  added  and  the  mixture  titrated  with  the 
standard  KIOs.  Results  which  show  a  precision  of  +  0.1J<  are 
listed  In  Tablo  il, 

PHYSICAL  PROPERTIES 

Crystal  Penalty.  The  uncertainty  as  to  the  hydroaooplolty 
of  hyJtrazTno  ni'trKTe  at  the  tlmo  of  the  determination  of  oryetal 
density  required  the  method  of  displacement  of  an  Inert  liquid 
in  a  pycnometer  be  used  boaause  the  sample  of  salt  could  be 
dried  before  weighing  and  kept  dry  while  weighing.  Speolal  oore 
was  given  to  the  determination  of  the  density  of  the  sample  of 
diethyl  phthnlate  used  as  the  inert  liquid.  Hydrazine  nitrate 
vac  fused  in  vacuo  to  remove  all  traces  of  occluded  water  and  to 
ensure  the  absence  of  voids  in  the  crystals.  The  data  obtained 
gavo  a  value  01  I.685  £  0.005  gm/ral  as  the  absolute  density  of 
the  crystalline  salt. 

Melting  Point.  The  melting  point  of  hydrazine  nitrate  was 
d 0 1 sr m ineU  by" ' rioTTng  the  temperature  at  vhloh  the  salt  absorbed 
.its  heat  of  fusion  as  indloated  on  a  time-temperature  ourvo. 
Hydrazine  nitrate,  tvloe  rooryotallized  from  distilled  water, 
wag  fused  in  vaci  .  for  two  hours  at  about  110°C  to  remove  all 
water.  The  data  for  the  highest  melting  point  obtained  gava  a 
value  of  70.7  r  C.1°C.  As  a  measure  of  purity,  the  melting  point 
of  a  sample  of  nydrazlne  nitrato  separated  from  a  saturated  solu¬ 
tion  and  driod  in  vacuo  over  "Driorlte"  for  three  days  was 
determined  and  found  to  be  69.7  £  0.l°C.‘  An  analysis  of  these 
crystals  shoved  them  to  be  99.3  ±  0.2^  In  hydrazine  nitrate. 

flygrosooplolty.  Tho  hygroaoopl.: ity  of  pure  hydrazine 
nltrace  was  cTe  ter  mined  by  noting  the  change  In  weight  ol'  samples 
stored  under  selected  conditions  of  relative  humidity.  Hydrazine 
nitrate  was  fused  in  vacuo  to  insure  the  complete  absenoo  of 
water.  A  series  of  desiccators  was  arranged  with  relative 
humidities  of  20,  43,  55,  60,  65,  70  and  90  por  cent  and  samples 
of  the  salt  were  weighed  out  and  introduced  Into  eaoh  of  tho 
desiccators.  The  samples  remained  in  tho  desiccators  until 
they  came  to  constant  velght  vhloh  wao  considered  to  be  the 
equilibrium  hygroscopiolty  of  the  salt.  A  plot  of  the  values 
obtained  (Figure  1)  Indicates  that  at  relative  humidities 
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greater  than  the  salt  deliquesces.  It  Is  to  be  noted. 

»  *  however.  that  an  appreciable  arrount  of  vatcr  is  picked  up  at 
relative  humidities  of  sixty  and  sixty-five  per  oent. 

:  1  '  msasa. , 

The  stability  of  hydrasine  ultrhto  was  considered  in  three 
■  vaysi  the  stability  of  the  pure  salt,  the  stability  of  impure 
salt,  and  the  stability  of  a  raturated  eolation  of  the  salt. 

The  Pliability  of  piiro  Hvdvaslnq  nitrate  was  determined  via 
the  vaojua  atabiliv/  t u st"' on  the  put**"  tbinifir salt  and  by  storing 
a  sample  at  the  pure  fused  salt  at  50°0, 

Tho  vacuum  stability  of  hydrasipe  nitrate  van  determined 
at  63. 0^0  by  the  Voetern  cartridge  Company  technique  wood  in 
determining  the  vacuum  stability  of  totryl.  One-gram  samples 
of  fused  salt  were  placed  In  the  nampl a  container  of  the  appara¬ 
tus  which  was  placod  under  a  vacuum  and  brought  to  temperature 
In  ae  oil  bath.  Tht  internal  pressure  of  tho  system  van  road  with 
a  mercury  manometer  calibrated  in  millilitcrsi  Aftur  forty  hours 
the  mercury  ie*ul  vao  noted  and  corrected  for  any  ahange  in 
barometric  prossuro  that  might  have  occurred  during  tho  te#t.  An 
incrosee  in  volume  was  taken  as  evidence  of  tho  evolution  of  a 
gnsnous  product  resulting  from  decomposition  of  the  salt,  one- 
gram  auuplos  evolved  up  to  0,06  ml,  of  gas  in  forty  hours.  In 
tho  same  toot,  but  at  120°C,  RDX  evolved  0,90  ml.  of  gaa  per  gram, 
and  totryl  evolved  1.00  ml.  of  gas  per  gram.  The  flDX  and  totryl 
veto  production  camples. 

A  four-gram  sample  of  the  salt  was  stored  for  four  veeke 
at  5f'°C  iu  a  glads  vial  stoppered  with  a  rubber  stopper.  A  dally 
oheoic  was  made  of  the  salt  and  the  vaouum  stability  test  was  made 
on  portions  of  the  cample  at  the  end  of  two  and  four  weeks.  The 
salt  did  not  alter  in  appoaranoe  over  the  four-week  period  with 
the  exception  of  a  tendency  to  cake.  The  salt  evolved  0.07  »1* 
of  gas  in  the  vaouum  stability  test  after  being  stored  for  one 
week  at  50  0  and  0,09  ml,  of  gas  alter  being  stored  for  four 
weeks. 

The  above  results  suggest  that  hydraslno  nitrate  Is  stable 
and  my  be  capable  of  being  stored  over  long  pariods  of  time. 


The  Stability  of  Impure  Hydrazlpe  Nitrate  was  determined  toy 
noting1  the  ’roaotivl'ty’  of ^ho  salt' 'with'  materials  representing 
the  moot  common  nubstanosa  with  whloh  the  salt  might  oome  into 
oontaet  in  Its  industrial  preparation  and  commercial  use.  The 
chosen  substances  ware  Introduced  into  samples  of  tho  salt  and 
tested  for  their  reactivity  at  elevated  temperatures  (110  to 
130°C),  at  elevated  temperatures  In  vacuo  (vaouum  stability 
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test  et  68°C),  end  at  elevated  temperatures  for  long  periods 
of  time  (surveillance  at  50°C). 

Each  of  the  ohooen  materials  was  introduced  Into  a  porcelain 
oruoible  containing  hydro* In «  nitrate  and  heated  electrically  to. 
a  temperature  betveen  100°  and  I20s0.  Any  reaction  (evolution 
of  gas,  change  In  color,  foaming,  eoo.)  noted  vas  doneldered  an 
Indication  that  the  tvo  materials  would  be  incompatible  under 
any  aet  of  conditions  of  preparation,  etorage,  or  qhlpplng. 

The  results  are  tabulated  tq  the  first  oolumn  of  Table  HI, 

Brass,  copper,  lead,  copper  oxide,  hydraslne  dinltrat#  and 
lead  monoxide  reacted  with  the  fused  salt. 

The  materials  found  to  be  compatible  with  fused  hydra tine 
nitrate  at  elevated  temperatures  were  considered  with  respeot 
to  any  catalytlo  action,  or  reactivity  vhlah  would  tend  to 
deooirposs  the  hydraelnc  salt  over  a  long  period  of  time.  The 
vaouum  stability  test  vac  ohooen  to  test  samples  of  hydraalna 
nitrate  contaminated  with  the  fllingn  or  dust  of  materials 
found  to  be  compatible  with  the  fused  salt.  The  results  art 
tabulated  In  the  second  oolumn  of  Table  ill,  Perrlo  oxide 
contaminated  salt  evolved  3,0  ml,  of  gas. 

New  samples  of  the  mixtures  found  to  be  stable  In  the  tvo 
foregoing  testa  and  camples  propared  with  large  pleoas  of  tha 
contaminants  whenever  possible,  were  placed  under  ourvslllanoe 
for  four  Weeks  at  a  temperature  of  50°0  and  dally  Inspection 
made.  The  results  aro  tabulated  In  tha  third  column  of  Table 
III.  Cadmium,  ooppor,  magnesium  and  aino  wore  readily  attaoked. 
The  stainless  stools  all  developed  rust  spots  on  thstr  rough 
edges  only.  The  woods  were  all  dlsoolorea. 

.  .  Stability  of  Hydraalne  Nitrate  Solutions.  The  foregoing 

tests  ruled  out  matorlals  that  arc  incompatible  with  hydraslne. 
nitrate  In  the  dry  state.  In  ths  event  the  material  dellquesoea 
due  to  storage  under  high  humidity,  any  roaotlon  would  be  that 
of  a  uaturatod  solution  of  hydraslne  nitrate  and  the  material, 
fluoh  a  condition  aleo  exists  In  preparing  the  salt  In  that  It 
Is  generally  prepared  and  oonoentrated  in  an  aqueous  medium. 

A  series  of  saturated  solutions  was  prepared  containing 
pieces  of  the  several  materials  (the  metallic  compounds  being 
exoludedj  and  stored  at  room  temperature.  The  materials  were 
Inspected  for  ohemlcal  attack,  weighed  to  deteot  any  loss  due 
to  corrosion  and  washed  down  with  distilled  water  and  the 
vashlngs  from  the  metals  tested  for  the  respective  Ion. 

The  results  of  this  study  are  listed  In  T-ble  ill.  All 
metals  (with  the  exception  of  slroonlum)  and  woods  tasted  ware 
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attacked  by  tho  solution.  The  solid  magnesium  bar  decrepitated 
to  a  sludge  In  the  bottom  of  the  vial.  Brass,  cadmium,  copper, 
lead  and  slno  bars  all  developod  heavy  coatings.  The  steels  vere 
spotted  slightly  with  rust. 


The  Materials  Which  Can  be  Considered  Moat  Compatible  with 
hydras i">T  nlfrate  urider  general1  conditions  or  prepara*-, loo j  shipping 
and  storage  as  determined  hy  the  foregoing  work  are  llatod  he 
follows i 


Metals 

Aluminum 

Silver 

Polished  stainless  steels 


#321 

#304  BJjC 

mi 

Tin 

Zirconium 


packaging  Materials 
Asbestos 
Pyrox  glass 
Polyethylene 
Polystyrene 
Rubber,  red 
.Rubber,  gum 
Soda  glass 
Teflon 
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TABLK  III 


RESULTS  OP  FUSION,  VACUUM  STABILITY ,  SURVBILLAHC* 
AAS  C0HR03I0N  TESTS  07  HYDRAZINE  NITRATE 


Fuaion  Tdat 
R  *  Reaotlon 
- «  No  reaction 


Vacuum 

Stability 

Tost 


Teat  Teat 

R  vRMOtlOO 

-  t  Ro  raaotlon 


Mata l a 


Aluminum  A-l 

a* 

0.3 

bra  a  a 

R 

Cadmium 

0,0 

Copper 

R 

.Lead 

R  _ 

Magnaalum 

m 

Silver 

m 

■  Steal 

J  309 

m 

0.0 

i'3l7 

- 

0.0 

'321 

m 

0.0 

I  <304  BLO 

• 

0.0 

#347 

m 

0.5 

Tin 

mi 

0.0 

Zlno 

m 

0.1 

ZlrooDlua 

m 

0.0 

Wood* 

Oak 

m 

w.O 

Sugar  Pina 

- 

0.0 

Hard  Maple 

N* 

0.0 

Motalllo  Compounrta 

Aluminum  Hydroxide 

■a 

0.0 

Aluminum  Oxide 

•e 

0.0 

Copper  Oxide 

R 

Ferric  Oxide 

3.0 

“ydraalne  Dial- 

trate 

R 

Load  Monoxide 

R 

0.0. 

Lead  Sulfide 

0.0 

Magnaalum  Oxide 

- 

Silver  Sulfide 

- 

•  0.0 

Tin  Oxide 

• 

0.0 

Zlno  sulfide 

- 

0.0 

R 

R 

A 


R 

R 

B 

R 

R 

R 

R 


A 

R 

R 
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TABLE  III  (Continued) 


Tualon  Teat  . 
R-RMOtlOO 

Materiel  -  -No  reaction 

Vaouum 

Stability 

Teat 

(ol.)  . 

SurveiUeueo  Corrosion 

Teat  Teat 

R- Reaction 
-  -No  reeotlon 

faoVaglng  Matorlaie 

: 

Aabeatoa 
paper  (water- 

0.0 

_  i 

'  •  f 

'  proof) 

Pyrex  gUaa 

0.0 

0.0 

R 

Polyethylene 

0.0 

• 

Polyet/rene 

0.0 

• 

at 

Rubber,  gun  - 

0.0 

*» 

m 

Rubber .  rod 

Soda  glaaa 

0.0 

m 

0.0 

m 

Teflon 

0.0 

- 

tm 

Hyd ratine  Nitrate 

0.0 

** 
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Hydrasslne  nitrate  preparod  in  this  laboratory  vas  recrystal- 
lltnd  from  distilled  water  once  and  used  to  muleo  up  a  series  o f 
aqueous  solutions,  Bach  solution  was  analysed  using  tbs  potassium 
lodate  dlreot  titration  method.  The  density,  refrsotlve  Index, 
frsesing  point,  and  boiling  points  at  various  pressures  of  eaoto 
of  the  solutions  were  determined. 


Three  sources  of  data  vara  utilised  in  preparing  the  phase 
diagram  of  the  vat #r -hydras inn  nitrate  spates,  solubility 
data  found  In  the  literaturo  vers  used  as  points  at  which  a 
second  phase  appeared.  The  Belting  point  of  the*  pure  salt  vas, 
usod  ad  the  I0oi£  point  And  solubility  of  the  salt  At  21.0%)  as  v 
determined  In  fcniu  laboratory  was  used  as  another  point  at  which 
a  second  phase  appears.  Greeting  point  data  obtained  with  frosting 
point  equipment  in  this  laboratory  was  used  to  complete  the 
diagram.  The  data  obtained  vers  plotted  (Figure  2)  and  the  point 
at  which  the  two  survey  not  at  the  outootlc  temperature  (-9.2°C) 
gave  the  eutectic  composition  as  42 .3#  In  hydraslns  nitrate. 

The  dsnnltlea  of  the  various  solutions  wore  determined  with 
the  pyonomotera  calibrated  for  use  In  the  determination  of  the 
oryetul  density.  The  volutions  vara  ooolod  veil  below  the' 
temperature  of  the  Initial  weighing  and  Introduced  Into  the 
pycnometers.  The  pyonnmetsrs  vers  then  set  in  a  controlled  air 
bath  and  allowed  to  rind  in  temperature  vory  slowly  until  they 
readied  the  deairud  temperature  And  weighed.  The  density  values 
calculated  from  the  data,  taken  are  tabulated  in  Table  XV.  All 
values  were  corrected  to  vacuum. 


The  refractive  Index  was  measured  vlth  a  haunch  and  Loab 
type  33-43-36  Abbe*  Refvaotometor  cupelled  with  a  flow  of  con¬ 
stant  temperature  water  around  the  prisms.  Solutions  ranging 
In  concentration  from  eight  to  seventy-three  per  osnt  hydraslns 
nitrate  were  prepared  from  diatlUW  water  and  the  rofraotlvs 
Index  measured.  The  values  obtained  are  plotted  In  Figure  3. 
The  plot  of  the  values  from  0,00#  to  31,6#  hydraslns  nitrate 
la  a  straight  line  and  is  suitable  as  an  analytical  tool.  The 
ourve  beyond  51.6#  booomes  steeper  and  If  used  for  analysis 
will  yield  values  having  an  accuracy  dependent  on  the  number  of 
points  plotted. 


Th-  vet hod  qf  Mensle  vas  used  In  determining  the  vapor 
pressure  of  hydraslns  nitrate  solutions  varying  In  oonosntra- 
tlon  from  six  to  seventy-four  psr  osnt.  This  oonslstsd  In 
Isolating  the  solution  and  its  vapor  In  the  reservoir  bulb  of 
an  isotensscops  by  Introducing  a  liquid  having  a  very  lov  vapor 
pressure  Into  the  7  of  the  leoteneseops  after  the  atmosphere 
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over  the  solution  had  bean  ivept  dear  of  other  gases..  The 
pressure  of  the  water  vapor  over  the  solutions  at  various 
temperatures  was  measured  with  an  open  ond  mercury  manometer. 
Smooth  ourves  (Figure  4)  vers  obtained  from  30°0  to  the  atmos¬ 
pheric  pressure  boiling  points  of  the  solutions  vhloh  ranged 
from  101°0  for  the  6j<  solution  to  117°0  for  ths  74.3J<  solution. 

TABU  IV 

DENSITY  OF  AQUEOUS  HYDRAZINE  NITRATE 
SOLUTIONS  AT  VARIOUS  TEMPERATURES 


*  Density  at  14°0 
**  Danslty  at  2l°0 
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*  18  *  PHASE  DIAGRAM  OF  THE  WATER-HYDRAZINE  NITRATE 
SYSTEM  AT  CONSTANT  PRESSURE 
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3  REFRACTIVE  INDEX  OF  AQUEOUS  HYDRAZINE 
NITRATE  SOLUTION  AT  25*0 
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Samples  of  pure  hydrazine  nitrate  and  hydras lne  nitrate 
eon  tern  mated  vlth  mine! ,  steel  filing#,  hydrazine  nitrite  and 
hydrazine  rtlnltrate  were  tested  for  Impost,  friotlon  and 
detonation  eeusitlvlty. 

Sample  Preparation.  Hydraelue  nitrate  vaa  fused  In  vaouo 
to  remove  all  vatof,  Ottawa  sand  oruehed  to  pass  a  100  mesh 
soreen  and  filings  from  #104  stainless  atssl  vers  used  as 
fins  particle  oontaialnanus .  A  standard  hydraelne  nitrite 
solution,  freshly  prepared  from  dihjdreetno  uulfate  and  barium 
nitrite,  was  added  tb  a  weighed  amount  of  noltd  hydrualne  nitrate 
via  burette,  The  resulting  solution  was  evaporated  and  dried 
in  vaouo  at  room  temperature  and  used  as  the  hydrazine  nitrate 
eeraple  contaminated  with  hydraslne  nitrite,  standard  nltrlo 
add  solution  was  added  to  Solid  hydraslne  nitrate  And  the 
resulting  solution  treated  as  above  to  give  a  sample  contami¬ 
nated  with  hydraslne  dinitrate. 

impaot  sensitivity,  sensitivity  to  Irapaot  vae  determined 
using  u  ooTOToa'Bur eft u  of  Mines  Impact  Naohins  (sup  method). 

The  flrs-no  fire  point  vaa  detarminsd  and  used  for  comparison 
purposes.  The  Irnpaot  eeneltwity  of  atnndavd  iiamplee  of  tetryl 
and  oyclonlte  vara  determined  at  the  time  the  hydraslne  nitrate 
samples  vore  tested. 

The  lmpaat  sensitivity  of  pure  fused  hydraslne  nitrate  vas 
found  to  bo  a  function  of  the  average  particle  ulse  (Table  V). 

The  sensitivity  ranges  from  that  tetryl  (Western  Cartridge  Lot 
Wo.  200-6300,  Impact  Sens.  80  out  no  fire,  82  om  two  fires  out 
of  ten  trialu)  to  that  of  oyo Ionite  (Western  Cartridge  Lot  No. 
270-15,  lmpaat  Sena.  48  om  no  fire,  $0  om  one  fire  out  of  five 
trials).  Thirteen  to  tventy-ilx  per  cent  sand  Inoraaeed  the 
senultivity  of  the  ealt  to  that  comparable  to  fine  mercury 
fulminate  (8  cm)  and  four  par  oent  steel  f Hinge  increased  it 
to  a  point  oomparablo  with  dextrlnatod  lead  aside  (19  om). 
hydraslne  dlnitrato  and  hydraslne  nitrite  lnoreaeed  the 
sensitivity  only  allghtly. 

Detonation  Sensitivity,  The  detonation  sensitivity  vae 
determined  by  the  uae“oT  a  sand  bomb.  Varying  amounts  of 
mercury  fulminate  vers  used  to  detonate  four  tenths  of  a  gram 
of  hydraslne  nitrate,  the  amount  of  oand  orunhed  indicating  the 
absence  or  completeness  of  detonation. 

Pure  hydraslne  nitrate  vas  found  to  be  ellghtly  more 
sensitive  to  detonation  than  tetryl  vlth  respect  to  aeroury 
fulminate  as  an  Initiator  but  the  power  of  hydraslne  nitrate 
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to  bo  loan  than  that  of  tetryl.  E*ch  of  the  contaminated 
samples  except  the  sample  containing  hydrasine  nitrite  vaa  M 
sensitive  to  mercury  fulminate  a;  the  pura  aalt.  As  axpaotad, 
the  samples  containing  aan<l  (13)0  #h^  ataal  riltngn  (4jfl  vara 
not  aa  powerful  as  tha  original  salt  on  a  weight  for  weight 
basis,  The  a*nd  and  ateal  aentanloante  did  not  alter  th» 
propagation  of  tho  detonation  through  the  salt,  One  per  ortt 
hvdraaine  nitrite  contamination  gate  a  material  laaa  sensitive 
to  moroury  fulminate  and  a  lightly  lane  powerful  then  the  pure 
salt.  One  por  cent  hyUrtuino  dlnitrate  contamination  did  not 
alter  the  sensitivity,  but  tho  resulting  material  was  slightly 
less  poverful  that)  the  pure  oalfce  The  dloitr&te  oftlt  lot© rfered 
in  the  propagation  as  4  partial  detonation  occurred  for  Oho 
not  of  load  Inge • 


TABUS  V 

IMPACT  SENSITIVITY  OF  PUKE  HYDRAZINE  NITRATE  OP  CONTROLLED 
PARTICLE  SIZE 


Sample 

Sieve 
passes 
Through 
(/<  ) 

“Eet* 

$> 

Height  at  which 
no  fires  ooourrod 
out  of  ten  trials 
(obi) 

Number  of  fires 
at  a  point  two 
cm  above  tho  no¬ 
fire  point 
(Pires/Trials) 

1 

\ 

840 

80 

1/10 

2 

■  84o 

590 

78 

Vft 

3 

590 

897 

i° 

i/g 

.4 

297 

125 

62 

1/7 

5 

125 

pan 

48 

1/10 

Friction  Sensitivity.  The  sensitivity  of  hydraal.no  nitrate 
to  f  riot  ion  wafS  ot  erHTS'ed  using  the  Bux’eau  of  Minen  Type  A  and 
Type  1)  Pendulum  Friction  Devices. 

The  Type  B  Priotion  pendulum  Mtiohlne  would  not  fire  any  of 
the  samples  of  tho  salt  using  a  ntoel.  »hon  as  tha  boh  on  the 
pondulum  and  a  ntoel  anvil. 

With  the  Type  A  Pendulum  Friction  Machine,  a  local  oraokllng 
vaa  heard  in  five  out  of  ten  trials  using  five  grams  of  tetryl 
on  tha  steel  anvil  and  using  a  steel  shoe  as  tho  bob  on  the 
pondulum.  Using  the  same  setting  of  the  machine,  hydrasine 
nitrate  detonated  twice  out  of  five  trials  and  local  crackling 
was  heard  e&oh  of  tho  five  times.  Tho  steel  shoe  was  replaoea 
by  a  fibre  shoe  and  using  tha  samo  setting  of  the  machine. 
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hydra*  in*  nit**',#  not  fir*  tan  out  of  th*  ton  trial*. 

“ttrat*  1»  wr*  •  w*lt It*  to  motion  than 
mSiofmohiM?  th*  Bur,tu  of  w»»  *t»  A  random. 


*  *  •.?}7fT7WJ+i7\l 


polyyorphlo  Modification*  of  hydraaln*  nitrat*  v*r* 
found  to  wcltt  tat  vats  «70flC  and  ♦70.7”0  at  at*oanh*rlo 

£?t&"VSSatt Sut*i  *»  1  ■toting  at  70.7*0 M*  a  Jog  *“ 
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tAME-agAu:  maewactuhb 

The  laboratory  preparations  of  hydrazlno  nitrate  by  the 
neutralization  of  hydrazine  with  dilute  nitric  acid  Indicated 
that  the  relation  vaa  quantitative  and  easily  carried  out*  The 
experience  gained  In  matting  'laboratory  batches  of  hydrazine  >  -  ' 

nitrate  vaa  used  in  developing  a.  method  believed  to  be  applicable  • 
to  large-scale  manufacture,  ,  , 

Hlot  Plant  Operation.  A  pilot  plant  run  of  the  neutrali¬ 
zation  reaction  vasmS3eTii  a  small  steam-heated,  stainless’ 
steel  lcettle  at  atmospheric  presouro  In  order  to  obtain  data 
that  vould  be  useful  in  the  design  of.  a  largo-scale  operation. 

The  pilot  plant  run  indicated  that  the  neutralisation  reaotlon 
vaa  an  acceptable  one.  but  that  more  information  as  to  the 
effect  of  reaction  temperature  and  feed  concentrations  vae 
nooesriry.  Other  Information  obtained  from  the  pilot  plant  run 
shoved  that  in  the  engineering  design  of  a  large-scale  plant  the 
main  problem  would  bo  to  soparate  tno  nalt  from  the  water. 

Reaction  Temperature  Feed  Concentration  Studios.,  Io  order 
to  d  eSerm.l  no  than  empera’t  ure  l'i  isi  ti!Vl  bno  'for" '  pr  educing  hydrazine 
nitrate,  studios  ware  mado  of  (1)  the  decomposition  of  the  salt 
lo  aqueous  solution  at  various  temperatures  and  (2)  tho  percentage  , 
yield  at  various  roaotion  temperatures. 

Samples  of  aqueous  hydrazine  nitrate  solution  wore 
prepared  with  C.P.  salt  prepared  in  this  laboratory.  These 
samples  were  refluxed  at  various  temperatures  for  ninety  hours.  ' 
There  vae  no  loss  of  material  in  these  samples. 

Solutions  or  8556  hydrazine  nitrate  vure  neutralized  with  70% 
nltrlo  acid  at  a  fairly  rapid  rate.  The  heat  of  the  reaotlon 
raised  the  solution  temperature  to  over  130°0.  The  yield  of 
salt  was  found  to  bs  lOOyS. 

Engineering  Study.  A  series  of  calculations  were  made  to 
deturiSTno  the’  cheapest  method  of  evaporation  on  the  basis  of 
Initial  oost,  ooct  of  operation,  and  ovorall  safety,  Method* 
considered  lnoluded  atmospheric  evaporation,  triple  effeot 
evaporation,  vnouum  evaporation,  spray  drying,  prilling,  film 
flashing,  and  salting  out  vlth  a  voter  mlsolble  solvent.  The 
single  stage  vacuum  evaporation  method  was  selected  for  further 
study. 

The  vaouum  evaporation  method  has  a  low  equipment  cost, 
le  simple  to  design,  and  pan  bs  operated  at  a  low  temperature. 

The  lov  temperature  Is  desirable  from  a  safety  standpoint. 

Bench  soals  operation  of  this  method  Is  contemplated. 
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THE  ANALYSIS  Off  HYDRAZOT  ■  ■ 

fcjr 

1  i 

John  D<  Clark  ‘  | 

Naval  Air  Rocket  Test  station  j 


Various  wo the  is  of  analysing  hydraslne  are  discussed.  and  eome 
of  that:  shortcoming#  arc  pointed  out.  The  method  uaad  at  too  ■ 

0,  fl.  Naval  Alp  Rooket  Teat  Station, .  baaed  on  tha  quantitative  | 

oxidation  of  hydraslne  by  Chloramine  T,  la  deaorlbad. 

There  la  no  need,  at  a  rywposluut  on  hydraslne,  to  point  out  the  I 
importance  of  an  ooourftte  njethod  of  analysis  of  tha  material.  I 
Intend  merely  to  describe  the  method  used,  as  a  routine  procedure,  | 

by  the  Propellants  Laboratory  of  the  U.  S.  Naval  Air  Rooket  Tost  .  .t 

Station,  and  to  indicate  the  reaulta  which  may  be  obtalnod  by  the  , 

use  of  this  prooedure.  , 

Hydraslne  la  to  be  assayed  for  Its  probable  major  eonatituent*  j 
— NK3,  water  and  the  mtorlal  itself.  Hydraslne  is  both  ft  base  1 

(a  little  weaker  than  ammonia)  and  a  roduolng  substance,  and  the  I 

assay  may  Involve  either  or  both  properties. 

If  It  la  to  be  assayed  as  a  base,  the  simplest  method  Is  * 
baok  titration  with  a  strong -base,  such  as  HaOtt,  after  the  cample 
Is  diluted  with  a  known  quantity  of  &  strong  aold.  This  method  is 
preferable  to  a  forward  titration  of  the  material  after  dilution 
with  water,  since  accidental  oxidation  and  evaporation  of  the 
hydraslne  is  prevented.  The  end  point  may  be  found  either  with  n 
pft  meter,  or  with  an  indicator  auoh  as  Srom  Cresol  Green.  Tha 
pH  of  the  end  point,  with  a  total  volght  of  hydraslne  of  *H>  ax  in 
a  final  titration  volume  of  £50  00,  has  been  calculated  to  be  5.18.  1 

The  method  has  been  adapted  from  a  routine  prooedure  used  by  the 
RAP  (Ref  1)  and  by  many  other  activities.  It  Is  perfectly  straight-  • 
forward,  and  gives  excellent  re suite.  The  obvious  disadvantage  la  j 

that  It  dues  not  distinguish  between  hydraslne  and  ammonia,  and  ' 

soma  other  prooedure  is  necessary  to  make  that  distinction.  I 


The  dtreot  titration  of  hydraslne  with  iodine  has  beta 
suggested  as  an  analytical  method,  (Ref  8)  and  has  been  tried  at 
HARTS  with  completely  unsatisfactory  results.  The  main  disadvan 
is  that  when  hydraslne  la  oxidised,  nitrogen  Is  evolved,  vhloh 
sweeps  out  seme  of  the  volatile  iodine,  leading  to  an  error  of 
unknown  else,  "everal  variations  on  the  method  have  been  tried, 
with  no  auooesa  whatever. 


ins  with  iodine  has  been 


2)  and  has  been  tried  at 
ulta.  The  main  disadvantage 
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Another  procedure  he*  been  recommended  by  the  Ravel  Research 
laboratory  (Ref  })  as  m  "Umpire"  method.  Bare  the  hydraelne  la 
oxidleed  vlth  lodate  or  brouate  In  a  strong  BOX  solution,  using 
as  an  indloator  either  *  ohloroform  layer  or  an  internal  oxidation- 
reduotlon  indloator.  The  total  reaetloa  is 

W8n  +  KIOj  +  S  HOI  ■  KC1  +  101  +  *2  <f  JHgO 

5e“>  10j+  6H+  «  JKgO  +  ila 

ila  +•  01  S  1C1  +•  e" 

An  may  be  seen,  free  I?  la  present  at  one  stage  of  the 
reaction.  A  test  vlth  etaroh  papor  shoved  that  the  Ig  Is  ovept 
out  vlth  the  evolved  Rg,  Just  as  in  the  dlreot  Xg  titration,  vlth 
a  similar  inherert  error.  Various  agencies,  hovover,  use  tnc 
mothod,  vlth  reportedly  satisfactory  results.  The  usual  expedient 
is  to  las  the  titrated  solution  In  order  to  rsduos  the  vapor 
pr***ure  of  the  iodine,  but  ve  at  MARTS  considered  the  expedient 
to  bn  a  nuisanoe  and  no  guarantee  of  the  complete  elimination  of 
iodine  lopees, 

A  procedure  using  oerlo  sulfate  and  diohromate  has  beon . employed 
by  Kellogg  vlth  excellent  results  (Ref  5  and  4)  but  vhen  It  vas 
tried  at  MARTS  ve  found  that  the  end  point  vas  ao  hard  to  sse  that 
va  did  not  consider  the  method  suitable  for  routine  vork. 

A  German  method  (Ref  6)  Involved  the  titration  of  lfaHk  vlth 
Chlorouine-T,  but  no  details  of  the  procedure  vers  given.  Hovovar, 
a  satisfactory  analysis  has  bean  vorkad  out  at  our  Proponents 
laboratory,  and  has  been  used  vlth  excellent  results.  Chloramine ■* 
has  the  follovlng  structural  formula i 


Li  J 


which  may  be  abbreviated  ae  follovoi 
H  ■  K0l“  +  «a* 

It  rnaote  vlth  hydraaine  eooordlng  to  the  follovlng  equation!  • 

SR  a  R-01"  +  HgHt  ■  8R  •  NH“  +  8H*’+  20l"+  Mg 

* 

17*> 


A  potassium  lodlde-otarch  Indicator  la  used  to  show  tha  and  point, 
and  tha  titration  la  run  in  tha  prasanoa  of  bloarhonata  In  order 
to  neutrsllse  the  HOI  formed  and  to  aooelerate  tha  rotation. 

Our  eonpiata  prooadura  la  than  tha  followlngi 

BtMttU 

Propara  1-N  Ho  SO  4  according  to  aootfc'ted  ’trooedures,  and 
standardise  against  Na2C0j  primary  standard  ;.vof  7), 

Prepare  0.1  X  MaOH  by  diluting  a  saturated  solution  of  tfaOH 
/15  H)  150  times  vlth  distilled  water.  Than  atandardlaa  the 
solution  against  potassium  told  phthalat#  primary  standard  (Rof  8). 

Prepare  0.1  K  Chloramine  1  solution  by  dissolving  1/20  gm 
molecular  weight  (M.V,  s  &81.17)  In  distilled  water  and  diluting 
to  1000  ml,  Scrupulously  clean  glassware  must  be  uaed  and  the 
solution  must  be  protected  from  dust,  grsaae,  and  organic  matter 
In  general. 

To  standardise  the  Chloramine  T  solution,  add  with  stirring 
exaotly  50  ml  of  the  0,1  N  Chloramine  T  solution  to  be  standardised, 
to  a  solution  containing  50  ml  0.5  N  KI  solution  and  80  ml  glaolal 
aostlo  acid. 


Titrate  with  0.1  thiosulfate  solution  to  the  dlsappearauoe  of 
the  X2  oolor.  SUroh  solution  may  be  used  If  desired. 

Normality  of  Ohloramlne  T  * 


An  Indlaator  solution  for  hydraslnt  Is  preparsd  by  dissolving 
60  gm  NaHCO)  and  40  gm  XX  per  liter  of  distilled  water. 

Proosdure 

The  peroentege  of  total  base  at  NoXk  may  he  determined  as 
follows!  e  * 


a,  Draw  Into  a  1  00  tuberculin  syringe  about  0.8  gm  (0,8  ml) 
of  hydraslne,  and  weight  to  0.1  agm. 


b,  Hmpty  the  oontenta  of  syringe,  without  washing,  into  a 
BOO  ml  voluaetrlo  flask  vhioh  oontalns  50  ml  of  1*N  HaSOk  and 
boiled  distilled  water  to  within  one  Inoh  of  the  dilution  mark  on 
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tho  flask,  Qulokly  stopper  and  Invert  the  flask  to  six  the  oontente, 
and  dilute  to  the  nark, 

o.  Weigh  the  empty  syringe.  The  dlfferenoe  of  the  tvo 
weighings  Is  the  weight  of  the  saaple  takes.  ' 

d.  Bring  the  volume  of  the  flask  up  to  BOO  ml  with  boiled 
distilled  water  and  shake  to  ensure  homogeneity  of  the  solution. 

a ,  Pipette  a  10  ml  aliquot  Into  a  6oo  ml  beaker  and  add  about 
200  ml  of  boiled  dletllled  water. 

f ,  Vitrate  the  solution  with  0.1  K  NaOH  to  a  pB  of  5.12  with 
the  final  -volume  of  solution  about  250  ml  Bros  oreaol  green  (pH  range 
4.0  •  5.6)  Indicator  may  be  used  in  plaoe  of  the  pB  meter,  but  If 
the  pH  meter  le  employed,  the  ease  sample  may  be  used  for  the 
determination  of  Nglty. 

g.  Calculate i 


Percent,  total  baas  Ngfy  • 


vt  sample 


The  percentage  of  hydraslno  le  now  determined  by  the  following 
stupe i 

a.  After  the  aold~baae  titration  add  23  ml  of  indicator 
solution  for  hydraslne  to  the  ooatents  of  the  beaker. 


b.  Titrate  the  solution  with  0.1  W  Chloramine  T  to  an  Iodine 
end  point,  using  etaroh  solution  If  desired. 


%  «2H» 


*  x  IT  Chloramine  T 
vt  aanplo 


Caloulate  peroent  KHjt 

^.**3  "  (%  total  baa*  *  Jf  hydrasine)  1 

The  peroentage  of  HgO  may  than  ba  dettratinadi 

%  HgO  *  100  -  £  N2»4  -  f  NHj 

SSJUilU 

In  practloe,  tha  prooedure  described  haa  turned  out  to  ba 
completely  satisfactory,  rapid  in  operation,  and  preolae  to  0.1 
percent.  Tha  Chloramlns-T  titrant  appaara  to  bo  quite  passably 
stable,  and  a  weekly  standardization  io  all  that  la  necessary.  It 
aunt  be  emphasized,  however,  that  completely  dean  glassware  must 
be  used  to  make  ana  to  store  it.  A  traoe  of  atopoook  gpoase  will 
apparently  oatalyae  tha  decomposition  of  tha  material,  and  the 
solution  will  froth  ao  violently  as  to  apray  itaelf  ail  over  the 
laboratory. 
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mn^isn 

In  tho  seareh  for  esterlals  that  Bight  Improve  the  performance 
of  hydraalne  aa  a  liquid-fuel  component  for  use  In  liquid-propellant 
aircraft  roolcota,  ammonium  thiocyanate  was  added  to  hydrazine  vith 
oertaln  desirable  results.  One  of  the  most  important  features  of 
thin  additive  was  lta  effectiveness  In  levering  tho  freezing  point 
of  hydrazine.  It  van  soon  apparent  that  an  extensive  Investigation 
of  hydraalne -thiocyanate  mixtures  would  require  oaroful  analytloal 
oontrol.  The  nature  of  this  mixture  required  that  existing 
methods  for  analyzing  hydraalne  and  thiocyanate  ho  modified  and 
that  a  new  method 'for  ammonia  bo  developed.  Thle  study  has  resulted 
in  tho  development  of  two  methods,  vhloh  are  described  In  this 
report.  The  first  portion  of  the  report  contains  a  description  of 
the  method  for  analysing  ammonia  In  hydraslnoj  the  second,  a 
description  of  tho  method  for  analysing  hydrazine -ammonium  thlo- 
oyanate  mixtures. 


Existing  methods  (Ref.  1  and  2)  for  determining  ammonia  in 
hydrazine  were  not  satisfactory  when  ammonium  thiocyanate  vae 
procont.  Tho  Andreva-Jaoieson  method  (Ref.  3)  for  determining 
hydrazine  and  thiooy&nate  has  been  used  as  a  tltrlmatrlo  method  of 
analysis  for  these  materials,  as  described  later  in  thle  report, 
Slnoo  oxidation  vlth  iodate  yields  nitrogen  in  the  case  of  hydra- 
sine  and  hydrocyanic  add  in  the  case  of  thiooyanate,  it  appeared 
feasible  to  determine  ammonia  by  use  of  suoh  an  oxidation  aa  a 
preliminary  step.  The  two  oxidations  are  represented  by  the  follow¬ 
ing  equations! 

XOj"  4  801"  ♦  2rff-»  Ka  +  101  4  01*  ♦  SHgO 

4 SOM"  4  6l0j"  4  601"  4  8H*-e  ASO*”"  4  6101  4*  AhCK  *  2Ha0 

By  purging  the  system  with  air  following  the  quantitative 
titration  with  iodate,  it  Is  seen  &i£t  all  nitrogenous  compounds 
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other  than  ammonia  are  removable.  A  simple  additional  step  vas 
found  necessary  for  removal  of  the  Iodine  monoohloride  and  exoeee 
iolate.  This  vas  oonvonlentlv  accomplished  toy  adding  orystals  of 
sodium  sulfite  until  the  solution  vas  colorless.  An  ordinary 
KJoldahl  distillation  of  ammonia ■ vas  used  to  eoaplets  the  detensina- 
tlon  • 


noagents,  in  tne  asceraination  or  ammonia  in  hydrasms- 
ammonium  thiosyonate  mixtures  by  ths  method  described  in  the 
preceding  paragraphs,  ths  folloving  reagents  are  ••  edi 

Hydroohlorlo  sold,  oonoentrated,  o.p. 

Potassium  iodate  solution,  0.1N 

Amaranth  indicator,  0.2-peroent  aqueous  solution 

Sodium  sulfite,  o.p. 

Potassium  hydroxide  solution,  ION 

Hydroohlorlo  acid,  0.1N 

Sodium  Hydroxide,  0.05N 

Methyl  red  lndioator 

,  Apparatus .  Ths  folloving  items  of  apparatus  are  required  to 
determine  ammonia  in  hydras lno -ammonium  tluooyanate  mixtures  toy 
this  method! 

Glass  tubing  vith  frltted-glass  tip 
Oas  bubbler 

Kjsldahl  distillation  apparatus,  using  500-ml 
KJoldahl  f  la  sic 

Burets,  50-ml 

Pipots 

...  Eft-  Seleot  a  sample  of  such  a  site  that  an  aliquot 


jasafiflun.  dolsot  a  sample  of  such  a  else  that  an  aliquot 
rill  furnish  a  maximum  of  about  0.5  mllllequivalents  (meq)  of  ammonia 
,10  mg  of  NHj),  Plpst  this  quantity  into  a  flask  oontalning  25  ml 
|f  12n  hydroohlorlo  told  plus  enough  vater  so  that  the  final  volume 
oold  ulus  vater  plus  sample)  vlll  be  70  ml.  Immediately  add  from 
a  buret  approximately  0.1N  potassium  lodats  solution  until  the 
oolor  of  the  solution  has  progressed  through  a  deep  brovn  (iodine) 
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to  a  light  yellow  hue,  Than  add  two  drops  of  amaranth  indicator 
and  complete  tha  titration  to  tho  disappearance  of  tho  pink  color. 
Begin  bubbling  air  through  tha  solution  at  ones1.  After  15 
minutes  add  sodium  sulfite  crystals  until  tha  solution  becomes 
colorless.  Continue  the  air  purge  for  an  additional  15  mlnutsa. 
Transfer  the  eolutlon  to  a  XJeld&hl  flask)  rinse  several  tinea  with 
distilled  water)  and  add  50  ml  of  ION  potassium  hydroxide. 

Complete  the  usual  KJoldahl  distillation,  receiving  tha  distillate 
in  20  ml  of  0.1N  aoid^.  Conclude  tha  determination  by  titrating 
tha  standard  add  plus  distillate  with  0.05N  alkali,  using  methyl 
red  indicator. 

The  acidity  must  be  carefully  controlled  for  best  results 
in  the  Andrews -Jamie a on  procedure.  If  tho  above  titration  requires 
more  than  40  ml  of  lodate  solution,  an  additional  5  ml  of  hydro- 
chloric  acid  should  be  added  (at  that  point  in  the  titration). 

Tho  final  acid  normality  should  be  2,5  to  5  (Hef.  1  and  4)  to 
ensure  quantitative  reaction  and  a  sharp  end  point. 

Results.  The  results  of  the  analyses  of  sovarel  synthetic 
samples  aro  shown  in  Table  1.  Tho  analyses  of  the  samples  in 
Croup  1  were  made  using  5  ml  aliquots  from  a  standard  ammonium 
thiocyanate  solution  for  which  the  ammonia  content  had  been 
determined  both  by  tho  KJeldnht  procedure  and  by  titration  with 
standard  silver  nitrate.  Hydruzlne  was  added  to  those  samplos  by 
direct  addition  of  weighs d  amounts  of  hydrazine  sulfa  to.  The  . 
hydrazine  sulfate  alone  had  been  analyzed  by  thiu  same  procedure 
for  ammonia  with  no  ammonia  being  found.  Smaller  amounts  of  ammonia 
vo i*o  determined,  as  indicated  .in  Croups  8  and  2.  with  very  little 
saorlfioe  in  precision.  Samples  containing  mors  than  5.0  msq 
(redox)  of  ammonium  thiocyanate  (28.06  mg  of  NHsSCN)  oould  not 
ho  analyzed  by  this  procedure. 

In  all  oaaos  attempted  with  higher  amounts  of  thiooyanate, 
results  were  high  by  as  much  as  0.02  to  0.05  meq.  It  was  found 
in  tho so  cases  that  ammonia  was  being  generated  in  the  oxidation 
medium,  either  through  oxidation  or  hydrolysis  of  the  hydrooyanlo 
aoid.  It  appears  that  above  a  oertaln  level  of  oonoentratloa  the 
hydrogen  oyanlde  ounnot  be  removed  rapidly  enough  to  esoape  partial 
change  to  ammonia. 


1  Glass  tubing  with  a  frltted-glass  tip  is  roooiwuonded  as  a  bubbler. 
The  air  ahoula  be  passed  through  a  presorubber  containing  dll.  HOI. 

3  "Plsheyes"  were  used  as  boiling  chips.  They  were  washed  and  dried 
in  the  oven  for  reuse. 
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TABUS  1 

A MALT 31 a  OF  SYNTHETIC  SAMPLES  CONTAINING  HYDHAZIKK  SULFATE 
AND  AMMONIUM  THIOCYANATE  BY  THE  IODATE-KJELDAHL  METHOD 


Sample  '  Volume  of  T'iH*  found 

No.  3 

- B2H _ -S3 _ JL — 

Group  1.  Sample  containing  0.1  g  of  N-Hk/HnSOu  wul  36.84  mg 
of  HUDSON (0.484  meqj  8.24  mg  of  NHj;  and  6.02J<  Of  mJj)a 


1* 

8h 

t 

6 

7 


0.482 

8.21 

6.00 

0.487 

.  8.29 

6.06 

0.485 

8.26 

6.04 

0.489 

8.33 

6.09 

0.487 

8.29 

6.06 

0.489 

0.484 

8.33 

8.24 

6.09 

6.03 

Croup  2. 
NH  ^3011(0 


Samples  containing  0.1  g  of  M0Hh •HpflOh  and  7.37  mg  of 
.0967  moqj  1.65  14$  of  NH?j  uni  f.54j<  of  »H?) 


1  0.096  i.63 

2  0.097  1.65 

3  0.098  1.67 


1.52 

1.54 

1.56 


Group  3.  Samples  containing  0,1  g  of  NpHh’HpOOj.  and  3.68  mg  of 
NH43CN (0.0484  moqj  0,82  mg  of  E&jj  and  0.795<  of  fflljJ 


1 

0.044 

0.75 

0.72 

2 

0.046 

0.78 

0.75 

3 

0,047 

0,80 

0.7T 

a  Characteristics  of  tho  samples  In  Croup  1  vors  as  follow s« 

Average  NH3  found,  %  6.05 

Standard  deviation  0.032 

Standard  deviation  of  mean,  sB  0.012 

Confidence  limits  at_95^  level  6.05  t  0,03 

Confldenoe  limits  >  x  i  tstt,t=  2,447  for  6  degrees  of  freedom 

0  Hydrarine  sulfate  not  added  to  those  samples,  percentages  are 
expressed  on  basis  that  0.1  g  bydraslne  sulfate  Is  present* 
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Procedure  for 


Thiocyanate 


The  Volhard  method  for  determination  of  halldss  served,  with 
minor  variations,  for  the  determination  of  thiocyanate.  The 
presence  of  hydraelne  requires  a  strongly  acidic  solution  to  prevent 
hydrazine  from  acting  an  a  reducing  agent.  Where  reduction  ooourred, 
nitric  acid  could  he  added  to  caune  the  return  of  the  eilver  to 
aolution  vithout  any  error. 

The  Andrews -Jamie eon  method  for  the  tltrimetrlc  determination 
of  hydrazine  ie  widely  used,  but  the  reaction  of  iodate  with  thio¬ 
cyanate  ie  less  veil  known. 

The  reaction  is  as  follows j 

JfSON"  +  6io3“  *  601“  +  8H+  -*  4304"“  4.  6101  f  4HCM  4  gj^O 

The  identical  conditions  can  be  used  for  titrating  both 
hydrazine  and  thiocyanate t  so  a  simultaneous  determination  of  these 
two  constituents  appears  feasible, 

KenKonte.  The  raagente  used  In  tho  method  developed  for  the 
determination  of  hydrazine  and  ammonium  thiocyanate  are  aa  follovet 

Silver  nitrate,  0.1N 

Nitric  acid,  concentrated,  o.p. 

Porric  alum  Indicator  solution,  saturated 
Fe2(304)3  •  (NK4)2S04  •  1SH20 

Ammonium  thiooyanate,  O.lfl 

Hydroohlorio  acid,  oonoentrated,  o.p. 

Potassium  iodate  solution,  O.lfl 

Amaranth  indicator,  0,2 -percent  aquoouo  solution 

Carbon  tetrachloride  or  ohloroform 

Apparatus .  The  following  Items  of  apparatus  are  required  for 
the  determination  of  hydrazine  and  ammonium  thiooyanate j 

Burets,  50  ml.  and  10  m. 

Plpets 

Iodine  flasks,  250  ml  oapaoltjr 
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Procedure  for  Pete raining  Thiocyanate  In  Presence  of  ifrdrazlne 
fVolhard).  Soleot  a  nanplo  oi'  such  a  size  that  a  convenient  aliquot 
will  furnish  approximately  2,0  meq  (150  mg)  of  ammonium  thiocyanate. 
Plpet  this  quantity  Into  an  iodine  flask  containing  25  ml  of  0.1X 
silver  nitrate,  10  ml  of  6lf  nitric  add,  and  2  ml  of  ferric  alun 
indicator.  Immediately  titrate  with  0 .IK  ammonium  thiooyanate.  . 
using  a  10  nl  buret.  A  fleeting  end  point  appears  approximately 
l  percent  before  the  equivalence  point.  Mako  sure  that,  the  final 
end  point  color  la  pornannnt  and  does  not  disappear  even  after 
strong  shaking.  Use  precaution  in  removing  the  stopper  from  the 
Iodine  flask)  apply  a  liberal  stream  of  voter  as  the  stopper  la 
removed. 

Procedure  for  Simultaneous  Determination  of  Hydra tine  and 
yhiooynnatT)  Un'ircvi3-.M  iiluuonJ .  Pitot  an  ailcuofc  of  the  ammonium 
thlo o'yanat  o-Hydr  a z Inc  liilxturo  (a  maximum  of  5  meq  on  a  redox  baala) 
Into  a  Klnau-utapporod  flask  containing  25  ml  of  ljlt  hydrochloric 
add  and  enough  water  so  that  the  final  volume  Is  70  ml.  Add  5-10 
«3.  of  chloroform  {or  ofu*hnn  tetrachloride).  Immediately  begin 
titrating  with  0.1N  potassium  lodate  and  continue  until  tho  aqueous 
layer  begins  to  change  from  a  dark  brovn  to  a  light  yollov  hue. 

At  tills  point  add  the  lodato  dropvlse  and  shake  the  solution 
vigorously  after  each  addition,  The  end  point  Is  indicated  by 
diaappearanoo  of  color  from  the  advent  layer.  The  stopper  should 
be  rinsed  with  a. small  amount  of  water  each  time  It  is  removed. 

.  An  internal  indicator  1#  equally  suitable  for  this 
titration.  Pour  drops  of  amaranth  indicator  (0.2  percent  aqueous 
solution)  la  uced  instead  of  the  ovganio  solvont  indicated  above. 

If  this  some  solution  la  to  be  used  subsequently  for  the  determina¬ 
tion  of  ammonia,  the  use  of  organio  solvent  as  indicator  is  to  be 
avoided. 

Results.  In  the  Andrews -Jamieson  method  for  th«  determination 
of  total  hydrazine  and  thiocyanate  it  is  recommended  that  a  maximum 
of  5  weq  bo  titrated.  An  aliquot  containing  5  req  of  a  1:1  (by 
weight)  sample  of  hyd ranine  and  ammonium  thiooyanate  would  ooataln 
approximately  2  meq  of  ammonium  thiocyanate  on  a  redox  basis 
(l.e,,  0.3  meq  on  a  neutralization  basis),  whloh  is  suitable  for 
uubaequont  ammonia  determination.  Thus  one  aliquot  serves  for  the 
Andrews -Jamieson  tttrimetrlo  determination  of  hydrazine -thiooyanate 
as  well  aa  for  the  later  determination  of  ammonia. 

To  oheok  the  aoouraoy  of  the  method,  standard  solutions 
of  ammonium  thiooyanate  and  of  hydrazine  sulfate  wers  titrated 
individually  and  in  combination.  These  data  are  shown  in  Tables 
2  and  3  where  a  comparison  of  titration  volumes  shows  agreement 
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"  TABU  a 

TITRATION  DATA  TOR  MIXTURES  ON  AMMONIUM  THIOOXANATB 
AND  HYDRAZINE  bY  JAMIESON  METHOD 


Valuss  in  allliUtara 


iJampla 

No. 

Mixture  ... . 

A.  4  ml  of 
Standard  NIKSCN 
.  solution  . 

6.  16  ml  or 

Standard  KgH^'H2a04 

t.  '16  ai  of  inrTrair 

solution  pltt»*4  hi  4 
...  of  NHi, SON  solution. 

1 

18.74 

10.68 

89.53 

2 

18,80 

10.76 

89.58 

3 

18.72 

10.73 

89.53 

A 

18.80 

10.75 

89.57 

Av.» 

18.77 

10.73 

89.55 

Std.  Dev.  0.041 

0.038 

0.045 

*  Titration  A  +  titration  B  *  18,77+  10.73  a  £9.50 

Titration  0  (ooraMned  A  and  B)  n  29.55 
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TAILS  3 

TITRATION  OF  THIOOYARATS 
BY  VOLHARD  KB  TROD* 

,  ‘  \ 

■  ■  .  \Y 

.  _ _ _  _ 


Sample 

Standard  thtooyanate 

reaulred ,  _  »l 

No. 

A.  10  ml  standard 
thiocyanate  solution 

R,  10  ml  tmooyanate 
solution  plus  0.4  g 
hydratine 

1 

12.72  ‘ 

12.76 

2 

.  12.76 

12.76 

3 

12.73 

12.73 

4 

12.69 

12.70 

Av.  b 

12.73 

12,74 

Std,  Dev. 

0.029 

0.026 

*  15.00  ml  of  silver  nitrate  added  to  sash  1 ample 

b  Titration  A  ■  12.73  *  10.00  (originally  added) 

■  82.73  total 

•Titration  B  -  18.74  +  10.00  (originally  added) 

-  22.7^  total 


1* »-,»  ee<*>t^v  »<ffwy  wnmti^r  ■  - 

p-. .«»  ~  '-•'•-.’■yV'T'” 

'  ■»  -  •’ 
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within  a  few  parts  per  thousand  in  all  oases.  Additional  reliability 
la  provided  In  the  comparison  of  normalities  of  the  thiooyanat# 
solution  as  established  argentoutrloally  and  iodometrloally. 

The  normality  of  the  ammonium  thiocyanate  solution  based 
on  the  data  shown  in  Tabls  3 • (argentomstrio)  is  0.0773*  The 
normality  based  on  data  shown  in  Table  2  (oxidimetrlo)  la  0.4631** 
whioh.oonrerted  to  argentometrio  basis  (factor  is  1/6)  la  0,0772. 

Ths  normalities  based  on  these  two  methods  are  seen  to  agree  * 
within  two  parts  per  thousand,  '  ; 

Calculations.  In  oouputlng  ths  amount  of  hydraslne  and 
ammonium  thiocyanate  as  determined  In  the  eotsbined  Volhnrd  and 
Andrews-Jamlesoa  procedures*  the  following  equations  are  usedt 


Mg  of  NHkSCfl  In  original  sample  *  f(ml  of  AgNO.,  x  N)-(ml  of 
NH4SOH  xVJ]  X  (sujI.  wt.  of  Ml430Nrx  1* 


Jamieson  Method 

Mg  of  N2H4  in  original  sample  z 

£{al  of  KI03  x  »)- 


ution  factor 


-aLMuSSS 

ltol.  wt 


4  Dilution  faotor 

The  ollligrama  of  NHuSOK  entered  into  this  aquation  must 
be  oarefully  considered.  Ths  number  must  be  the  number  of  grams 
of  KH4BON  in  the  original  sample  multiplied  by  the  d llutlon  faotor 
for  tne  sample  In  the  Andrews -Jamieson  method)  i.e..  It  Is  the 
number  of  mill lgrame  of  thiocyanate  actually  present  in  the  aliquot 
being  titrated. 

Ammonia  Method.  In  oomputlng  the  amount  of  ammonia  In  a 
sample  of  hydrsaine^  tho  following  equation  Is  usedi 


sample  of  hydraslne,.  tho  following  equation  Is  usedt 
Mg  of  Ifflj  in  original  sample 
s  E«1  of  aoid  X  W)-(ml  of  base  XlJ  I  IT 


ution  faotor 
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A  sample  oelouletlon  it  given  belov  based  on  the  follovin* 

datai 

Original  weight  of  simple  i  0,5000  gj  diluted  to  950  ml 

Volhard  titratloni  50  al  aliquot  used)  15,00  at  of  AgNOm 
added!  standard  thiooyanate  required,  8,45  al  .  ' 

Jamieson  titratloni  25  al  aliquot  used)  iodate  required,  50. $0 

Aaaoala  determination!  sample  used  ae  obtained  from  Jamieson 
titration!  standard  sold,  20,00  all  standard  base,  26.86  al 

All  standard  solutions  are  assumed  to  be  0,1V  except  the  base, 
vhloh  la  0.05N, 


Yftlhftrd  Method 
NH^SGN  In  original  sample 

«  ljl5.00  X  0.1000)-(8.45  X  O.lOOoj]  X  76.12  X  "  s50  »# 


1  l 


Hydras In#  in  original  sample 

•  Bso.9ox,.lo«i)-^;^xja^LX^Jr,»50^ 
Amaniq 

HHj  In  original  sample 

■  gao  x  o.iooo)-(26,86  x  0,05)]  x  17.05  x  .  *  «.94  *» 
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ANALYTICAL  METHOD  FOR  HTDRA2I9E,  HTDRAZDtS  RXTRATS, 
WATER  MOCTORU 


by . 

It.  D.  Dviggins  and  Bt  f.  Larriek 
U.  S.  lutl  Ord  wanes  Laboratory 

Presented  by 
B.  F.  Larrlok 


The  Narsl  Ordnance  Laboratory  via  assigned  the  task  of  in* 
veatlgatlng  mixtures  oi  hydranlas,  hydraslne  nitrate,  and  water  for 
uee  as  a  liquid  jnonopropellant  for  guns.  The  phy stool.  ohemloal, 
and  explosive  proportion  of  a  aeries  of  mixtures  were  to  be 
determined.  Consequently,  there  vaa  a  need  for  rapid,  yet  reliable, 
methods  for  ohamioal  analysis  of  the on  solutions.  Tho  method 
developed  la,  essentially,  a  aeries  of  aoldlmotrlo  titrations  on 
a  single  sample.  Free  hydraalne,  by  rasonium  Ion. and  ammonia  may 
be  determined. 

Reagents 

Hltrlo  Acid,  HN03,  0.15N,  Standardise  against  etandard  sodium 
hydroxide  solution. 

Sodium  Hydroxide,'  HaOH,  0.15H,  009  -free.  Standardise  against 
Bureau  of  Standards  potassium  acid  phtaalate. 

Indicator  Solution,  O.OGjf  bromocresol  green,  0.05^  mothyl 
red,  0.05$  bromo thymol  blue,  *and  0.05#  phenol  red,  all  dissolved 
In  95#  ethyl  aloohol.  Rautrslise  to  pHB  with  sodium  hydroxide. 

Acetone,  reagent  grade. 

Formaldehyde  Solution,  57#,  reagent  grade. 

teBflaAaa. 

1.  Propart  a  small,  thln-talled  bulb  with  a  column  of  1-9 
e.o.  and  having  a  long,  thin  dravn  capillary  stem.  Heat  the  tared 
bulb  gestly  over  a  small  'flame  to  expel  part  of  the  air.  Submerge 
the  open  end  of  the  capillary1 in  the  solution  to  be  sampled.  Alice 
about  0.9  gm  of  sample  to  be  dravn  Into  the  bulb.  Remove  the  bulb 
from  the  solution  and  seal  the  tip  of  the  capillary  aten  in  a  small 
hot  flame.  After  thermal  equilibrium  is  reached,  veigh  the  bulb  and 
contents. 
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2 .  Pi«o«  tbo  bulb  la  a  950  al  baakor  and  oevar  vltb  a  9-5  al 
•«•»■  e t  itaadaM  altrla  Mid.  Oxuab  tba  glaaa  bulb  vltb  a 
ttirrug  Mi  aakiif  aura  tba  aaplUarr  a  baa  la  alaa  oruobod, 

5.  4dd  thj*aa  drapa  if  lidlattw  aolutloa,  Tba  a  alar  abould 
ba  plik,  ladlottlag  a  pi  laaa  Uaa  4.5. 

4.  atlr  tba  aalutlaa  ■aahaalaallr,  aid  baak-Utrata  mb 
ataadard  aadlua  brdraslda  rntll  tba  aalar  abaagaa  fna  flak  ta 

iadtS"l!|<  rail  (liraaaliaf  *  **  *•••**  ^  alllllitara  af 

5.  Add  10  al  af  aaatoaa  aad  aaatlaua  add  lad  aadlua  bftrtwMa 
aalutlaa.  rapldlp  at  firat.  ta  aaatrallia  tba  Mid  llbaratad  bp 
tba  fanatlaa  of  dlaathpiaalaa ,  Vhaa  tba  aalar  af  tba  aalutlaa 
ahaaaaa  fvaa  nllti  ta  graaa.  a  tap  tba  addltlaa  af  baaa  far  w«at 
aaa  adauta.  Raauaa  tba  tltratiaa  drasalaa  uatu  tba  firat  awiiwm 
of  blua  la  ttf*  grraa  aalutlaa.  fhla  Udlaataa  a  pi  af  7.6.  Tuba 
tba  burat  vatctug  tad  aubtraat  tba  pravlaua  burat  raadlag  ta  abtala 


tba  burat  ratdUg  tad  aubtraat  tba  pravlaua  burat  raadlag  ta  abtala 
tba  lUlUltivi  «  baaa  uaad  aftar  addltlaa  af  aaataaa. 

6.  Add  10  al  af  yf%  faraaldabpda  aalutlaa  ta  tba  baabtr  aad 
aaatlaua  tba  addltlaa  of  ataadard  aadlua  hpdraalda.  draparlaa. 
uutil  tba  aalar  af  tba  aalutlaa  aba— ai  fvaa  graaa  ta  larala. 

far  tba  m  pratlaua  tltvatiaaa  trm  tba  burat  ratiSa.  nla 
aRaralhtUt  hp—aSla  rafulvad 


IWItgM 

la  M—Uad. 


bat  vk  •  auillltart  af  ataadard  alttto  aald. 

T«  •  sFSisa.&ar"4 
T*  •tfauta.i, 

*1  •  HUBim  W  W»wi  Mmui  im  um  u. 


uaad  aftar 


Tbl  ■  bpdaa^da  uaad  far  tba 

conpiMhtul  . 
ncuurry  mpoumahon 
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lfb  =  normality  of  sodium  hydroxide. 

Hft  ■  normality  of  altrlo  aoid. 

The  gram*  of  hydraaine  equivalent  to  on*  milliliter  of  1,0  It 
*old  or  bait  My  bo  oaloulated  as  follevat 

1  il  of  1.0  M  *old  or  base  •  0.07005  *■  IfgH^ 

Similarly  for  Ammonia, 

.  i ' 

1  b!  of  1.0  IT  ao Id  or  boao  ■  0.0170?  ga  lWj 

Than, 

pa  of  JfHj  ■  (Rb)  (0.0170?)  (Vf-Vbl) 

gas  of  frna  J»aH4  -  (N4)  (0.OJ8O5)  •  (Vh)  -  1»b  (0.0?805)  (Vb/Vf-VbX) 

gua  of  total  KPH|»  ■  Nb  (0.0J805)  (V4) 

gma  of  N2H3HO3  ■  (gate  of  total  HgH^  -  gni  frao  !»aH^) 

a itsMisik 

The  flrat  atop  in  thla  procedure  oonvorta  all  the  free 
hydraalno  and  freo  ammonia  (or  their  hydroxide »)  into  the  nitrate 
ealta.  The  cold  oonouwod  In  thla  rotation  ii  a  manure  of  the 
free  hydrnsine  plun  Ammonia.  Aoetone  reaota  vith  hydraaonium  ion 
forming  dlmethylnninu  and  liberating  a  hydrogen  Ion  for  eaoh 
hydraaonium  ion.  Titration  of  theae  hydrogen  lona,  then,  provide*  - 
a  moanuro  of  tho  total  present  in  the  *  ample.  Formaldehyde 
reacts  vith  ammonium  ion  to  similarly  roleaie  a  hydrogen  ion. 
Titration  of  thin  aoi<Uty  given  a  measure  of  tha  ammonia  pvosant. 

Hoaults  of  evaluation  tost  a  indloata  that  free  hydraaine  alone 
oan  be  determined  vith  an  epproximato  error  of  -0,6ji  vith  a  etandard 
deviation  of  0.4}6,  Those  figures  vero  determiued  using  samples 
containing  about  0,15  grans  total  hydrailaa  and  aold-base  aolutlona 
about  0.15  noraial. 

Figures  for  hydraalna  aalta  alona,  vith  no  fraa  hydraaine, 
vould  be  the  soma.  Accuracy  and  nrsolaion  values  for  mixtures  of 
hydraaine  and  hydraaine  aalta  vould  be  leee  favorable  einoe  the 
sample  alas  la  determined  by  tha  aum  of  the  fraa  and  oomblned 
hydraaine, 
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Table  1  presents  some  data  obtained  la  the  evaluation  of  the 
methods.  Table  2  presents  figures  shoving  the  estimated  aeouraoy 
for  various  ratios  of  hydraslns  to  hydrasiae  nitrate,  The  values 
for  Table  2  are  estlaated  as  follower 

Error  for  free  EjH^  ■  i1  X  0 

Error  for  NgH^NOj  *  ^  X  0  X  J 

Vhsre, 

A  *  gas  total  WjjHn  la  saapls 
B  ■  gas  free  Mgfy  la  saapls 
0  ■  average  error  for  free  HpJty  froa  Table  1 
D  >  gas  WjHjj  eoabined  as  HgKjHOj 
E  “  aoleoular  weight  of  lfgRiglft^ 

T  ■  aoleoular  vsight  of  HgRg 

When  water  Is  present,  tho  saapls  weight  Is  Inorsased  so  that  all 
savplaa  oontaln  about  0,13  grans  of  total  hydraslne. 
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TITRATIOKS  OF  HYDRAZIBK-AMKOEXA  KXXTtTRIS 


0,1401  0*1387  0*1395 

0.1401  —  0.1387  0.1398  — 

0.1351  — - .  0.1380  0.1386 

0.1391  —  0.1378  0.1383  — 

0.1391  0.0058  0.1383  0.1386  0,0058 

0.1391  0.0058  0,1381  0.1386  0.0055 

0.139L  0.0058  0.1385  0.1385  0.^050 

0.1406  0.0177  0.l4o6  0.1405  0,0177 

0.1406  0.0177  0.1399  0.1400  0.0175 

Average  ) i  Error 
{Standard  Deviation 


Porsent  Error 
Ere*  Total 
HjHa  KgHij 

-1.00  -0.43  — 

-1.00  -0.64  — 

-0,79  -0.36 

-0,93  -0.57,  ■" 

-0.57  -0.56  0,0 

-0.71  -0,36  -6.0 

-0.43  -0.43  “3*8 

0.00  -0,07  0.0 

-0.50  -0.43  “1.1 

-0.66  -0.41  -8.8 

0.38  0.16  8.9 
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T/BLE  2 

ESTIMATED  ACOOTACT  MR  ANALYSIS  OP  MIXTUD3S  CONTAINING 
HYDRAZINE,  HYDRAZINE  NITRATE  AMS  VATU? 


Ratio 

%  Hydraila# 

■  to 

jt  Hjrdraclno  Nitrato 

Suplo  Valght, 

Or kb)*  Hpdra»l»o 

Plus  Hydraaiao  Nltrato 

Porooat  Error 
Hydrtelno  Hydrasina 
nltrato 

1.0 

0.15 

>0.6 

— 

7.1 

0.16 

>0.6 

-7.8 

3.1 

0.16 

1 

O 

s 

-3.6 

5.3 

0.20 

-0.8 

-2.4 

HI 

0.90 

-0.9 

-1 .8 

3<5 

0.96 

-1.0 

-1.4 

1«3 

0.30 

-1.8 

-1.8 

1.7 

0.36 

-2.4 

-0.8 

0.1 

0.45 

mm 

-0.6 
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7D  TOXIOin  OP  KKDRAXINI  AND  ilfWIMOTTAL 
TURAFT  OP  KIDIUZTM1  P0I80PIW0UJ 

*7 

VMM  V.  Cole 

fharaeoology  Bruch,  ohealoal  Oorpa  Nedloel  laboratories, 
Any  Ohealoal  Center ,  Marylood 


Death  froa  aoute  hydrailoa  poiaoalag  when  untreated  oocura 
early  and  la  due  to  oouvsleloas.  Convulsions  nay  be  prevented 
by  too  uae  of  barbiturates  but  aalaala  receiving  the  large  doaea 
of  hydraalne  die  later  despite  the  treatment.  She  Lata  deaths 
froa  hydraalne  are  aeaoolated  with  and  apparently  due  to  liver 
daaaga.  With  low  done  chronic  toxicity  there  le  a  lose  of 


dosage.  With  low  dose  ohronlo  toxicity  there  la  a  loae  of 
appetite  which  le  aufflelent  to  oauae  soae  aoirole  to  etarve 
unless  they  are  carefully  watshed  and  force  fed  or  otherwise 
enooureged  to  eat.  for  inhalation  toxlolty  stud lee  the  aaount 
of  hydraalne  dispersed  can  not  bo  ueod  as  a  a  ensure  of  oonoan- 
tratloa  la  air.  MoOrath  at  al.  has  shown  that  tha  detoralned 
values  average  only  9ft  of  tho  noalnal  valuta  when  there  were  . 
anlsals  present  in  the  chaaber.  Kxposure  levels  of  300  w$./W, 

7 6  *g./x3  or  a 6  mg,/n3  3  days  per  week,  *>  hours  per  day  gave 
U>a0'e  in  rate  of  87,  30.  and  Ut  hours  of  expoeuro.  An 
exposure  lovol  of  3  ag. /jr  on  the  nuh  sohedule  wee  apparently 
hamless  to  rate  and  dogs  for  six  Months  and  had  no  offaot 
exoopt  on  appotlto  and  food  oonsuaptloa.  Tho  Intravenous  J£.q'b 
art  reported  as  about  >3  ag./kga.  la  tho  dog  and  95  nr  1C  «g./kgn. 
in  tho  rabbit,  intraporltoneel  Ubtn's  are  about  100  ag./kga. 


exoopt  on  appotlto  and  food  ooneuaptloa.  Tho  lntra' 
art  reported  as  about  >5  ag./kga.  in  tho  dog  and  95 
In  tho  rabbit,  intraporltonaal  U>«0'e  are  about  101 
in  tho  rat  and  tho  plgooa,  and  60  ag./kga.  in  the  mouse, 
oral  U)j|0  is  reported  as  about  150  ag./kga.  in  the  rat. 


or  10  agT7 
0  ag./kga. 
cues.  The 


The  developaent  of  the  treataent  of  hydraslno  poisoning 
was  based  on  the  idea  ef  preventing  convulsions  with  a  barbitur¬ 
ate  while  aaterlals  froa  the  intermediate  actabollsa  of  glueoeo 
were  used  to  attempt  to  oeuntsraot  the  later  toxlo  off sots. 

Aeh  lptemodlete  wee  tried  ones  on  a  group  of  aloe  treated 
with  gluoose  830  ag. /nouse  suboutaneously  and  ones  on  an 
untreated  group  of  ales,  if  either  group  gave  a  longer  survival 
than  those  whloh  rvoelved  a  barbiturate  alone,  tho  oxperiaent 
was  repeated.  The  results  on  these  experiment*  are  seen  in 
Tables  1  and  8.  it  oaa  be  seen  that  Na  suoolnate  and  Na  oxalo- 
aoetate  give  increased  survival  tine  when  the  alee  reoelved 
dextrose  and  that  Ns  pyruvate  and  Na  fuaarate  gave  inoreaeed 
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survival  when  the  mice  did  not  receive  dextrose.  Those  which 
had  no  effect  were  Na  citrate,  lactate,  glutamate,  and  malate. 
Table  3  shows  the  reason  for  seleotlng  Ns  pyruvate  as  the  material 
with  which  tc  develop  a  treatment.  It  alone  vas  as  good  or  hotter 
on  survival  time  than  any  of  the  combinations  and  when  Na  pyruvate 
vas  added  with  another  material  the  combination  seemed  better  than 
the  other  material  alone.  Table  4  ahovs  the  use  of  the  oombina- 
tlon  of  thiopental  Na  and  Na  pyruvate  vhloh  was  able  to  ohange 
100  ng./kgm.  of  hydrazine  from  fatal  to  oil  mice  to  non-fatal  for 
all  mice  and  125  ug./kgm.  from  all  fatalities  to  2/3  survivors. 

The  effects  of  Na  pyruvate  are  apparently  not  limited  to  one 
species  since  guinea  pigs  shoved  the  tame  general  effects.  It 
is  perhaps  Important  to  note  hero  that  Na  pyruvate  alone  is 
without  effect  on  the  survival  time  of  hydraaine  poisoning  in 
the  presenoe  of  barbiturates.  Presumably  any  other  anti-oonvul- 
nant  might  replace  the  barbiturates  in  the  therapy  with  pyruvate. 
The  mechanism  of  action  of  the  pyruvate  is  unknown  but  at  least 
the  fatal  liver  damage  vas  prevented. 


HT  In  recognition  of  health  hazards  to  personnel  engagod  in 
development,  production,  handling,  and  using  a  vide  variety  of 
ohomloals  of  military  importance,  aside  from  OW  materials,  the 
technical  services  of  the  Army,  Navy  and  Air  Force  eupport  a 
project  entitled,  "Health  Hazards  of  Military  Chemicals. M 
U.  S.  Army  Chemical  Corps  Medioal  Laboratories,  Army  Chemioal 
Center,  Maryland,  have  been  given  responelbility  for  oonduoting 
investigations  under  the  project  and  are  guided  by  the  Reaearoh 
and  Development  Board.  Investigations  on  spooifio  ohemioals  are 
initiated  upon  request  of  agencies  involved  in  development, 
production,  handling  and  Using  such  ohemioals.  Chemicals  in¬ 
tended  for  use  as  fuels,  propellants,  oxidizers,  lubrioants, 
fire  oxtlnguishorc,  explosives,  combustion  products  and  others, 
fall  within  the  scope  of  the  project.  The  project  is  a  continu¬ 
ing  one,  the  "end-itome"  being  (a)  adequate  toxicity  and 
meolwnlam  of  action  data  on  which  medical  and  safety  personnel 
may  base  uafoty,  protective  and  treatment  reoommondations  in  the 
case  of  hazardous  chemicals  for  vhloh  safer  substitutes  are  not 
available,  and  (b)  "screening"  toxloity  data,  onabling  develop¬ 
mental  agencies  to  seleot  the  least  toxic  from  among  a  number 
of  candidate  ohemioals  otherwise  equally  satisfactory  for  a 
given  application. 

This  communication  is  based  on  studies  conduoted  under 
this  projeot. 
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R.  MANDAS,  DK,  JOHN  D.  CIARJC,  MR.  JOHN  B.  D*  VRIBS 
■  MR.  B.  P.  IARRICK,  ARB  DR.  VERSA  V.  COBB. 


THE  CHAIRMAN i  Thank  you,  Dr.  Cole. 

Our  papers  are  now  open  for  discussion,  if  you  lllce.  ve 
can  tako  all  the  papers  of  the  afternoon  group. 

Mfl.  OABEi  I  would  like  to  diroot  a  question  to  Dr.  Colo 

Ve  liave  been  concerned  with  the  detection  in  the  early 
stages  of  hydrazine  poisoning.  We  have  found  that  there  are 
abnormal It  loo  In  the  blood  known  aa  Heinz  bodice  whloh  are 
created  as  a  result  of  the  hydrazine  poisoning. 

I  vaa  wondering  if  your  group  has  done  any  work  or  made 
any  study  on  the  possibility  of  detecting  hydrazine  poisoning 
In  the  early  atagoe  by  blood  sampling?  in  the  event  of 
hydrazine  poisoning,  has  your  group  formulated  the  dosages 
for  human  beings  of  the  pyruvate  or  barbiturate  treatment? 

DR,  CODEj  We  have  made  no  observations  on  the  Heinz 
bodies.  My  own  particular  work  hus  boon  confined  to  treat¬ 
ment  of  acute  poisoning. 

As  far  an  the  dosage  goes.  It  so  far  Is  pertly  guess 
work.  The  Bodlum  pyruvate,  for  example,  is  not  exceedingly 
t-oxle  although  you  can  kill  an  animal  with  it.  If  you  give 
a  mouse  ono  gram  per  kilogram  by  vein  instead  of  suboutaneoua 
ly  you  oun  kill  him  with  it.  You  are  fairly  safe  with  the 
barbiturate  If  you  keep  tho  individual  at  a  level  that  he 
doeu  not  convulse  and  use  sodium  pyruvate  one  gram  at  a  tlma 
with  fluid. 

I  hope  that  Dr.  Pfeiffer's  work  with  atrolaotamide  on 
aeml-oarbaslde  poisoning  will  turn  out  to  be  also  effective 
In  hydraslne  poisoning.  If  that  Is  true,  the  dose*  are 
established. 

MR.  QALBi  Would  you  give  that  name  again? 
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OH,  COLE  I  Alpha  phony  1  laotio  acid  amide. 

THE  CHAIRMAN!  Dp.  Leviet 

on,  BERNARD  LEWIS  (Bureau  of  Mines,  Pittsburgh) i  X  would 
like  to  tako  this  opportunity  to  commend  Dootors  Haller  and 
Dexter  for  their  very  beautiful  paper.  . 

X  vi eh  to  ask  Mr.  Mandaa  whether  ha  found  a  break  in  the 
vapor  pressure  curve  of  mixtures  of  hydraslne  and  hydrasina 
nitrate  at  51  per  cent  hydraslne  nitrate  similar  to  the  abrupt 
change  in  index  of  rofraotlon  at  this  peroentage. 

MR,  MANDASi  Mo,  the  abrupt  change  did  not  refleot  Itself 
in  the  vapor  pressure. 

DR.  STEPHEN  KROP  (Army  Chemloal  Oenter)i  I  would  like 
to  add  to  what  Dr.  Cole  said  about  our  guess  work  In  eearohing 
for  a  thorepeutlo  agent  for  intoxication  by  hydrazine. 

Our  guess  work  was  fortified  somewhat  by  the  statements 
in  the  literature  that  hydraslne  is  known  as  a  "unrbonyl 
trapping"  agent,  so  wo  settled  upon  trials  of  physiologically 
occurring  carbonyl  compounds j  obviously  one  such  is  a  wetabollo 
decomposition  produot  of  gluoooe,  vis.,  pyruvate. 

Xn  regard  to  toxlolty  for  man,  we  can't  get  figures  on 
that  very  well  beoauso  ve  are  hampered  by  thu  laok  of 
volunteors!  (Laughter).  The  practical  rule  of  thumb  tbs 
one  might  use  for  toxlolty  of  hydraslne  vapor  la  that  it  is 
in  a  olaas  with  phosgene  or  cyanide. 

in  the  booklet,  which  X  scanned  hurriedly,  prepared  by 
the  Mathiesoa  people  and  distributed  here,  there  are  some 
estimated  figures  on  oral  toxlolty  for  man.  Aooording  to 
some  of  our  moot  rooent  data,  vhlob  have  not  yet  been  published. 
I  think  that  those  figures  may  be  on  the  high  side.  By  that 
I  mean  that  they  s»y  be  too  optimist lo.  Hydraslne,  I  think, 

Is  more  toxlo  by  inhalation  than  those  figures  might  lead  one 
to  infer. 
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MR.  E,  MILTON  WILSON  (Aerojet  Engineering  Corp.)»  If 
I  my  add  a  qualitative  statement  aa  to  toxiolty  studios, 
having  handled  both  hydrasine  and  riethyl  hydrasine,  I  vould  .. 
aay  the  latter  la  far  rnora  toxio.  Co  not  handle  methyl 
hydrasine  outside  of  a  good  fume  hood)  it  aan  give  a  very 
eerloue  headaohe, 

OR.  KRUSE t  (To  Or.  Krop)  I  should  like  to  eek  If  you 
are. referring  to  Inhalation  or  elcln-aontaot  poisoning? 

OR,  KROP i  The  former, 

I  think  that  tho  dissuasion  of  toxiolty  In  the  Mathleaon  • 
booklet  Is  a  very  good  one,  aa  a  natter  of  faot.  The  Informa¬ 
tion  essential  for  preventing  Intoxication  is  all  thtre, 
namely,  adequate  protective  equipment,  adequate  ventilation, 
and  the  use  of  voter  *  plenty  of  It  and  fast  -  after  skin 
contaot, 

THE  CHAIRMAN!  Dr,  Qanfis ,  vould  you  like  to  oomment  on  > 
Dr.  J.  D.  Clark 'c  observation  on  the  liberation  of  iodine  on 
the  oxidation  of  hydrasine? 

DR.  E,  ST.  CLAIR  OANTZ  (U.S.  Naval  Ordnance  Test  Station)! 
One  thing  that  occurred  to  me  la  hov  rapidly  he  added  iodate 
In  those  titrations  and  vhother  the  level  of  tha  'hydrochloric 
aold  was  as  high  as  moat  people  reooaiweud. 

Although  ve  didn't  shov  them,  vo  have  slides  vlth  us 
vhloV  shov  that  recovery  data  storting  vlth  hydraalna  sulfate 
rather  than  liquid  hydrasine  is  about  as  high  as  you  oan 
ever  expect  from  good  analytloal  titrations  and  vs  should 
have  had  lov  results  according  to  his  statements. 

I  vondered  about  vh&t  h/droohlorlo  solution  you  need, 

DR,  ClARKi  ,[t  vas  quite  a  strong  solution  but  I  am 
not  sure  of  Its  exact  strength.  We  had  no  guarantee  that 
the  iodine  lose  vas  significant,  but  vo  vero  scared  of  it,. 

When  ve  found  out  that  there  vaa  any  loes  at  all  ve  veren't 
happy  vlth  iodate,  and  didn't  vant  to  have  anything  more  to  do 
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DP.  OANTZi  One  advantage  with  lodata  la  that  It  la  as 
•xtr-mely  stable  substance.  You  hardly  need  to  cheek  It  more 
than  onoa  a  month  at  tha  moat. 

DR.  CLART.t  That  la  quite  true,  hut  va  found  ohloramlne 
qulta  satisfactory,  too. 

MR.  MANDASt  Va  have  found  tha  tamo  thing.  Va  alao  found, 
aooording  to  MuBrido,  that  a  6  molar  concentration  of  ehloridt 
ion  at  the  and  point  la  abaolutely  necessary.  Our  txpeiionoa 
has  abovn  that  three  titrations  ara  usually  neoessary.  Tha 
first  titration  Is  run  hurriedly  to  roughly  looata  tha  and  point. 
Tha  suooaadlng  titrations  are  oarrlsd  out  by  rapidly  adding 
tho  standard  solution  until  two  or  thrss  mlUllltsra  fron  tha 
end  point,  thus  permitting  ths  nec«s«*ry  oautloua  approaoh  of 
tho  ond  point.  Vs  hava  had  vary  good  results  vith  It  using 
primary  standard  hydrailnt  tulfats.  I  don't  doubt  Dr.  Clark's 
findings  as  lcdln#  vapors  can  be  sosn  over  tho  solution  If  '• 
It  booomos  warm  enough  during  the  titration.  Kowovor.  our 
exp^rlonoo  lias  shown  that  dny  lota  does  not  doorcase  the 
aoour&oy  of  tha  titration,  vhloh  la  from  two  to  thrso  parta 
par  thouaand . 

DR.  KRUSHt  I  am  voadarlng  If  soma  orror  could  be  Intro¬ 
duced  by  titrating  In  an  open  vessel,  it  le  oonoelvabla  that 
tho  evolution  of  nitrogen  could  otrry  out  soma  iodine.  Va 
hava  tivaye  stoppered  ths  flask  and  ahakan  the  solution  thorough¬ 
ly  betveen  additions  of  tha  standard  lodata  solution. 

TUB  CHAIRMAN t  Dr.  Clark,  do  you  want  to  ooament  on  that? 

i 

SR.  0 LARK i  I  have  no  eoMuent  on  that. 

MR.  MANDASt  Va  hava  sueeaosfully  titrated  In  both  open 
and  closed  vossela. 

TUB  CHAIRMAN*  Professor  (filbert,  would  you  llko  to 
oommontf 

PR0FKS30R  E,  0,  OIUSHRT  (Oregon  State  College)!  It  Is 
probably  unneesueory.  My  only  oomment  Is  that  my  favorite 
titration  Is  the  loaato  titration  using  the  glass  stoppered 
flask  for  titrating  hydratlfis  eulfate,  I  think  that  is  a 
better  method  as  far  as  I  am  oonoerned  after  ten  or  fifteen 
years  of  experience.  quantitatively,  if  you  uso  tbo  glass 
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atoppsrsd  flank,  It  la  possible  to  gat  tha  oorrsat  raaulta 
vltnln  a  fov  hundredths  of  one  per  cent. 

THS  ORA  IRMA  It  i  Thank  you.  Dr.  Ollbert. 

Professor  Schlesinger,  vould  you  like  to  coswoot  on  soae 
of  the  papers t 

PROPSSBOR  H.  1,  SCKUUXlfOBR  (University  of  Chicago)  i  Ho, 
thank  you. 

THS  CHAIR  MAR  i  Profesaor  tlrry? 

PROFESSOR  UHRV  (University  of  Ohloago)*  X  have  no  eoaqnent, 

THS  chairman i  Veil,  if  there  la  no'  further  dltouaaloa, 
ve  will  reoeaa  the  nesting  until  toaorrov  aornlng. 
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MORNINO  SESSION 
3  February  1953 

CHAIRMAN,  DR.  HOWARD  W.  XRDSI 
D.  8.  NAVAL  ORDNANCE  TEST  STATION,  INTOTON 
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SAFETY  Iff  THE  HAKDLIKO  OF  HYDRAZINE 

df 

J.  B.  Troyan 

Mathleson  Chemical  Corporation 


toaiaaSk 

Hydrasine  is  reoogalsed  as  a  versatile,  reactive  ehsaioC, 
vhioh  chough  potentially  hazardous,  a an  ho  handled  safely  if  troatod 
with  propor  precaution.  Problem*  of  explosion.  fire,  and  toxiolty 
aro  of  primary  oonoora  to  personnel  working  vith  hydrasine.  In* 
formation  pertinent  to  these  subjects  is  eusuwrlsed  and  evaluatod' 
as  an  approach  to  defining  safe  praotloes.  It  it  thovn  that 
stability  of  hydrasine  is  influenced  by  temperature  and  materlala 
of  ronetruotlon,  Dopompoaition  may  bo  oatalysed  In  oertaln  oases 
to  the  point  of  explosion. 

Introduction 

Hydrasine  is  a  nev  industrial  ohemloal,  whose  present  and 
projected  uses  are  based  to  a  large  extent  upon  its  high  degree 
of  reactivity,  This  earn#  property,  however,  hee  in  the  past  given 
hydrasine  the  reputation  of  being  an  unstable  and  hazardous 
ooupound. 

Misapprehension  concerning  the  nature  of  hazards  involved  la 
handling  hydru^Jno  ctarted  before  the  oompound  was  isolated,  and 
haa  continued  for  more  than  fifty  years.  Ourtlus  (Ref.  1).  who  . 
first  prepared  hydrasine  In  solution,  expressed  the  conjecture ‘that 
the  free  base  is  so  unstable  that  it  oan  not  oxiet  in  the  free 
state.  The  promotion  of  Ourtiu*  vae  later  proved  erroneous  by 
Labry  d»  Bruyn  (Hof.  2),  who  Isolated  the  anhydrous  free  beet,  and 
reported  that  "it  Is  a  very  etabl#  compound,  and  In  oontrsst  to 
hydrogen  peroxide,  not  explosive.  It  oan  be  heatud  above  300°0 
vithout  being  decomposed.”  Despite  this  observation,  and  in  eplta 
of  other  exporlmontel  evldenoe  to  the  oontrary,  the  idea  of  in¬ 
herent  instability  aontlnued  to  persist. 

In  more  rooont  years,  miscellaneous  reports  of  fires  and 
explosions  involving  hydrasine  have  sustained  the  impression  that 
hydrazine  was  dangerously  unstable.  Suoh  incidents,  in  vhioh  exaot 
oauiea  have  not  been  obvious,  stimulate  the  kind  of  fear  oommonly 
associated  with  unknovn  risks.  Only  by  lnoreaslng  our  knowledge 
of  the  behavior  of  hydrasine  under  all  oouoelvable  conditions  oan 
faot  be  separated  from  oonjeoture. 
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Aik  attempt  is  me d*  in  this  report  to  fuuUrlta  much  of  the 
available  information  pertinent  to  the  aubjaot,  to  define  the  known 
areas  of  safety  and  danger,  and  to  describe  general  safety  rules 
which  have  been  used  by  Mathleson  Chemical  Corporation.  Physiologi¬ 
cal  hazards,  in  addition  to  those  related  to  decomposition,  tin 
and  explosion,  are  inoluded  In  the  discussion. 

tcaasami. 

Physical,  chemical,  and  thermodynamic  properties  of  hydrazine 
hare  been  covered  In  oonalderable  detail  In  the  excellent  nook  by 
Audrloth  and  Og*  (Ref.  3).  Aa  background  for  a  discussion  of  the 
hazards  involved  in  handling  hydrazine,  certain  of  the  pertlnsnt 
properties  listed  .in  this  book  are  autiwariied  herewith.  Supple¬ 
mentary  data,  taken  from  other  literature  sources  or  developod  la 
the  Mathioaon  laboratories,  are  also  recorded. 

physical.  Anhydrous  hydrazine  (!ffiJU)  is  a  highly  polar,  hygro- 
sooplo  liciuld  vhlsh  will  absorb  C09  ur  oxygon  from  the  atmosphere. 

It  mslts  at  3 • 0°0 ,  and  bolls  at  ll5»5°0  (700  ma  Hg).  Since  its 
density  a*  a  solid  (I.14o/-5°0)  is  higher  than  as  a  liquid 
(1. 024/300),  there  la  no  danger  of  rupturing  containers  under 
freezing  conditions. 

Vapor  pressured  are  represented  by  the  following  empirical 
equatiom 

log^Pfma  Hg)  *  7.80687  -  l680.745/(t  *  387.74) 

Value*  are  plottod  for  reforonoa  In  Figure  1,  Above  the  atmospheric 
boiling  point.,  data  aro  said  to  he  less  reliable  due  to  thermal 
deoc'Npo olb ion.  Fox*  moot  engineering  purposes,  the  rouults  or 
Labry  da  Uruyn  (Ref.  4)  given  in  Table  I  are  sufficiently  ecoureto. 

tabu:  i 

wsLimmiLfa.  mmm.  hydra?,  ms 

Temp.  OQi  113.5,  140,  170,  800,  830,  >00,  >30,  >Bo(T0) 

Press.,  Atm. i  1.0,  8.3,  5  10,  86,  56,  104,  143 

Aooordlng  to  the  literature,  hydrasine  and  water  fora  an 
azeotrope  mixture  which  bolls  at  130, 3°0  (760  mm  Hg}  and  which 
contains  50.5  mol  rNgHit.  More  recent  work  reported  by  Dnnnam 
(Reference  5)  and  durtle  (Referenoe  6),  and  verified  independently 
br  our  laboratories  Indicate  that  the  azeotrope  composition  is 
olosor  to  35  mol  $  NgJty  (1>8.5J»  vt). 
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,,  „  !•  point  ilatu  on  the  XpHij-KoO  system  ulicv  the  compound 

"PV>*  Jo  be  \a_Uble  solid  phase  molting  at  -51  ,V°C.  Eutootioe 
axlat  at  89,5  mol  f,  (-88°0  m.p.)  and  at  56  mol  Jt  («5>.5°0  m.p,), 

,  SOtjlSiSAj,*  Pi'oa  a  strictly  ohemloal  standpoint,  hydrasine  la 
elaaaliiedas  a  vary  strong  roduolng  agent,  and  a  mildly  alkaline 
oasa.  It  renote  roadily  and  exo  the  rial  oully  with  moot  oxidising 
agents,  the  speed  of  reaction  depending  upon  concentration,  tempore- 
tura,  oatalytlo  oopdltlona,  and  the  epeolflo  oxidising  agent. 

°f  *C«nt«  Inolud*  not  only  the  elsotro- 

nogatlv*  elements,  and  highly  oxldlied  compounds,  but  aleo  lover 
oxides  of  some  motels  and  even  oertaln  natal  Iona.  Hydbasln*  nay 
ba  liquid  or  vapor,  oonu^ntratad  or  dilute,  free  or  in  combined 
forw.  Principal  product*  are  uuually  Ho  and  IlgO,  but  In  aona  oaeen 

* V ^ *tto yn t a  of  llt!»  ara  produced.  Typical  reaotloa*  Include 
reduction  of  colts  or  oyl.ua*  of  oopper,  Iron,  silver,  mortury,  and 
i*1?110*  ?'2tolSi  Bonotlon  with  Mo6'a,  Pe?05,  Mn09,  BgO, 
OuO,  PbOj>,  OrOy.  AjjNOs,  and  Ou(KO»)a  nay  bo  particularly  violent, 
fhio  mar)cod  activity  has  aoeeloratea  deoompooltlon  and  even 
ouuond  flroe  during  use  and  storage  of  hydrasine. 

Atmospheric  oxidation  of  hydmino  will  ooour  if  our#  is  not 
exoludo  air.  •  It  has  been  reported  (Hof.  7)  that  65^ 

«  ‘4  "3  .  **  °*^iuud  roughly  5*5  par  hour  whim  violontly  agitated 
^"‘pereturn ,  Whoa  not  agitated,  oxidntlon  rate  le  only 
o.oiji/hour,  Htiboe  are  greatly  accelerated  as  temperature  la  ralsod. 

Kvan  vhou  oxygon  le  absent,  hydrasine  Is  capable  of  aelf- 
oxiantiou  and  reduction,  forming  nitrogen  and  Mimcnln.  The  latter 
reaction  proneedti  at  a  negligible  rate  at  ambient  temperatures  and 
°irauu,tttno#‘.  In  Ch0  Prouonoe  of  curtain  oatalyote 
inoreaoee410  8UI'fR,’<>,  or  ft,>  temperatures,  decompoaition  rato 

watariai  is  cold,  Ignition  vlll  ooour  only  vhou  temperature  has 
beau  raised  above  roughly  10QoP,  When  burning  l'roely  in  air, 

i10 1  1Ck3  S*«ollne.  However,  as  heat  raises  its 
temperature  to  boiling,  hydrasine  burns  floroely. 

fnd,flro  p2,int?  (opon-oup)  for  hydraslno-vater  mixture# 
voro  dotormlnad  roocntly  in  M\ thin son's  laboratory,  Date  vert 
obtained  using  regular  A3TM  toohniquos  (D98-t6),  exoept  that  a 
dS*  JPbstltutod  for  tho  metal  to  obvieto  any  oatalytlo 
«*£*°i*{  0c,3,lUi^^,  la, Figure  8.  Plash  points  of  10# 

NaH4  and  85*  hydrate  (§M*  »8H4)  vero  12gop  and  1  respectively. 
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it;  ia  /lauiMoli  that  the  closod  cup  flash  point  for  loo#  Kglfy 
vould  approaoh  104°F,  vhioh  la  the  temperature  at  vhloh  liquid 
hydrazine  has  sufficient  vapor  presaure  (55  nm  Eg)  to  give  an 
oxplosivo  mixture  with  air.  This  lover  explosive  limit,  oorree? 
ponding  to  4.75*  by  volume  in  air,  was  reported  by  Soott.  et  al 
(Ret.  8).  Table  ZZ  shove  comparable  data  for  other  fuels  at  one 
atmosphere,  100^0,  and  vith  dovnvnrd  propagation  of  the  flame. 


TABU  ZZ 


os  zxnon 


mmm/M 


i 

'r 


l 


Compound 

Mmi 

Acetylene 

2.7 

Methane 

5.2 

Hydrazine 

4.7 

Ethane 

6.0 

Hydrogen 

9.0 

Carbon  Monoxide 

15.0 

In  oontraet  to  moat  other  .fuols,  hydrazine  has  no  upper  limit  to 
the  range  of  explosive  concentrations.  Although  unusual,  thie 
behavior  Is  not  unique.  At  slightly  elevated  pressures  (4.9  psig 
or  store),  tho  earns  behavior  is  exhibited  by  aootyloue. 

In  oontnot  -1th  oatalytla  surfaces,  Ignition  of  hydrasine 
occurs  spontaneously  at  a  temperature  dependent  upon  composition 
and  condition  of  uurfaoo,  and  on  tho  ooapoaltiou  of  the  vapor 
mixture,  Data  on  spontaneous  ignition  temperatures  cover  a  vido. 
range  —  from  less  then  50°C  (for  liquid  WgHj.  in  eontaot  vith 
platinum  in  02  atmosphoro)  to  more  than  4150Q  (for  non-oatalytlo 
surface  in  nbBsnoo  of  oxidants),  notations  betvean  liquid  hydra- 
sine  and  stronger  oxidizing  agents  may  be  initiated  at  even  lover 
temperatures .  Ro cults  of  ignition  tosts  oarrled  out  by  the 
Bureau  of  Mines  (Hof.  3)  ara  shovn  la  Table  III. 
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TABUS  III 


MINIMUM  IflffITIOIf  TEMPERATURES  OP  HYDRAZINE 


Surface 

Atmoftclisre 

Ignition 

Tfnp.tj  °C 

Xgnlt.  Lag, 
Seconds 

Pyrex  glass 

air 

270 

3.9 

Pyrex  glass 

°2 

204 

4.9 

Platinum 

air 

226 

3.0 

Platinum 

Oa 

JO 

6.0 

Ferrio  oxide* 

air 

23 

- 

Forrio  oxide* 

*2 

23b 

Blook  iron 

air 

138 

Instantaneous 

Black  iron 

»a 

131 

instantaneous 

Stainless  nteel 

air 

150 

2.0 

Otuinleso  steel 

air 

156 

0.9 

Stainless  steel 

N2 

0 

a  Powdered 

Fe20-j  oproad  over  bottom  of  flask. 

1)  Sparking,  then  rod  heat.  Klaiao  after  air  entered  flask. 

o  No  Ignition  up  to  4l5°0. 

Similar  data  were  obtained  by  Picatinny  Arsenal  (Ref.  9)  for 
Ignition  of  hydrazine  In  air,  Temperatures  of  ignition  were  220°0 
on  oloan  Iron,  125°0  on  Iron  containing  a  film  of  Foa0-«,  110°0  on  I 

oxidized  Woods  Metal  (50?S  Bl,  25^  I»b,  12. M  3n,  12.5#  Ca)  and 
220 °0  on  porcelain. 

It  lo  noteworthy  that  even  In  the  presence  of  air,  the  minimum 
observed  Ignition  temperature  over  non-poroue,  non-oxidlaing  solids 
is  voll  abovo  tho  boiling  point  of  hydrasino.  The  Ignition  tempera- 
turo  of  2?3°C  for  hydrazine  in  air  over  Pyrox  glass  is  oomparable  ,  ! 

with  values  for  ornaa  of  the  lover  paraffin  hydrooarbons,  ranging 
from  218°0  for  n-ootano  to  462°0  for  isobutane,  measured  in  the  | 

iiauo  apparatus  (Ref.  10}.  > 


!  i 


{ 


Qualitative  Oat*  oa  apontaaaoua  ignition  of  hpdmaine  la  air 
ladloate  that  tha  pmiMi  of  oxidising  solids  la  aot  a  noooaaary 
condition  fop  spontaneous  ignition  at  rooa  temperature  or  below. 

Such  ignition  vaa  observed  at  Nathloaon  than  asbeetos,  oxpandod 
varaloulita.  Iciesalguhr,  aavdaat,  and  aoaa  natal  pa»4«M  nff* 
aolataaed  with  hydraala#  and  txpoaed  to  tha  ataosphere  at  ro..n 
taaptratura .  Tha  phtnaasnaa  la  alallar  ta  tha  apentnnvou;  lhaltloa 
of  drying  oil a,  starting  with  ala*  oxidation  unJer  conditions  that 
pravaattha  dissipation  of  tha  heat  aa  faat  aa  It  la  liberated, 
and  proaaadlng  faatar  aa  tha  temperature  rloea  until  tha  ignltlan 
Imperative  la  reaohod.  Tha  effort  of  tha  porout  aolld  nay  be 
althar  oatalytlo  or  simply  that  of  a  barrier  to  dlaalpatloa  of  hoat . 


Pro*  tha  previously  noted  foot  that  hydrofine  vapor  baa  no 
uppar  Halt  of  oxploalvo  oo&ooatratlon,  It  la  obvious  that  tho 
proseaoe  of  aa  oxidising  agant  la  not  a  naaaaaary  oondltlon  far 
daoonpoaltlon  of  hydraalna  wpor.  Tha  anorgy  liberated  by  de¬ 
composition  of  hydraalna  vapor  alona  undor  suitable  oondltlona  of 
tonparature  and  ooaoantratlon  la  anfflolont  ta  propagata  tha  reaction 
aa  an  oxploalvo  vava. 


Booauaa  of  tha  lav  vapor  dansltty  at  pro a aura  of  1  at*  or  loan, 
tha  oxploalon  la  not  violent  at  taanaratureo  up  ta  tha  nornal 
boiling  point  of  hydraalna  (113. 5°0).  At  tanporaturaa  balov  100°0, 
aturatad  vapor  In  oo&taot  vlth  axoaaa  liquid jhaaaJ^ao  boon 

Pura 


tha  aaturatad  vapor  In  oontaot  vlth  axoaaa  liquid  phaao  Una  baa 
axplodad  la  glass  vassals  without  rupturing, than  (Ref,  8).  Pur 
hydraalna  vapor  (without  oxidant  or  dlluaat)  *111  propagata  an 
oxploalon  Initiated  by  aa  eleotrlo  spark  at  any  pros aura  at — 
about  la  m  lg}  corresponding  to  aaturatlon  't  about  aa°0. 


Ion -oxldlilag  gaaaa  nixed  vlth  hydraalna  vapor  tend  to  laorwaae 
tha  partial  pressure  of  hydraalna  required  to  propagata  aa  axploaloa. 
Table  TV  auaaaarlaas  data  (Raf.  8)  oa  explosive  Halts  of  hydraalna 
vapor  la  nlxturoa  vlth  sovoral  inert  diluents.  Xa  gone  ml.  tha 
nlntana  explosive  concentration  inornate a  aa  tha  total  praaauva 
and  teaporsture  inoraaaai  but  thaoa  faotora  are  of  laaa  Inportanoa 
than  tha  nature  and  proportion  of  tho  dlluomt  in  tho  nlxtura.  Zt 
la  to  bo  noted  that  aaaaonia  la  aero  affaatlva  than  voter  vapor, 
ha llun,  or  nitrogen  la  repressing  tho  propagation  of  txploalona 
In  hydraalna  vapor,  Tho  difference  between  n*  and  !•  in  ahnnglng 
tha  axploalva  litlt  vaa  also  ahovu  by  Baaford  tlaf.  II). 


balov 
pro  a aura 


n 


PiJbent. 

Vol  % 

Ng  H4 

Proem 

Total 

ir*.  am  Hfl 

Temp  °0 

Hons 

100 

12 

12 

29 

Nitrogen 

38.0 

754 

286 

109-112 

t» 

46.6 

185 

90 

100 

Helium 

37.0  . 

757 

0 

CD 

Oi 

105-118 

Water  Vapor 

30.9 

789-889 

244-275 

130-135 

•  N  H 

37.1 

231-265 

93-98 

100 

n-heptane 

85.6 

695-714 

587-611 

115 

Ammonia 

61.2 

147 

90 

100 

st&mtx 

Frobibly  the  most  important,  yet  often  the  lent  desirable 
ohcmioal  reaction  vhich  hydrasino  undergoes  Is  decomposition.  This 
nay  proceed  aooordlng  to  all  or  any  of  the  equations  listed  belovi 


3N2H4-4  Ng  4-  4NH3 

a) 

2NgH^-4  Na  +  Hg  +  2NH3 

(2) 

Xglfy,  Ng>  4*  2Hg 

(?) 

It  Is  generally  conceded  that  astmonla  produced  In  the  first  two 
equations  is  dissociated  to  the  elements  when  temperatures  are 
sufficiently  elevated.  Many  aeohnnloms  for  the  chain  of  roaotlons 
Involved  have  already  been  described  (Ref.  3),  so  the  topio  will 
not  ba  dloounned  furthor  in  this  report. 


Tho  rate  at  vhloh  hydrarine  decomposition  proceeds  and  the 
relative  quantltloi  of  tho  end  products  (Ng,  Ho,  and  NH*)  are 
Influenced  by  temperature  e.jid  by  the  presenoe  of  eatalyllo  surfaces 
or  materials.  These  two  factors  are  considered  belovi 

Thermal  Poo  opposition.  In  spite  of  ite  thensodynaalo  lnetabil 
ity,  hydrarlnowi  ratoofes composition  under  suitable  conditions 
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of  i torts#  i»  to  low  that  ordinary  handling  woosAt#  no  aoriou# 
p»tliT  m  .^.rtn  tK  of  i0^jrh|4ri.i»  ha.  boon 
storad  for  aany  Mentha  with  bo  indication  of  pxtnowo  via.  duo  to 
■ai  •  volution.  Nathloaon'o  oxporionoo  too  boon  ooatftrmd  by  aany 
otbora  using  hydraslna  •  Oontilnars  of  glnta,  aiuulmu'  snd  304  or 
347  stalnlass  at  Ml  a  have  Mon  lnvolvod. 


Daoonpoaltlon  of  hydrnilns  vaa  atudlod  la  our  laboratorlaa  at 
tho  boiling  point  Mid  at  roon  tanparatura.  Ota  vfalah  vaa  avolvad 
oloaaly  amroaohad  tha  tMorntloai  a opposition  aiproaaod  by 
aquation  (I),  Tha  psraant  of  hydratlno  dsoofMoss*  par  day  vaa 
oalouiatod  fro*  tho  aolaa  of  gao  llMratod.  Control  taata  In 
Pyrox  gloaa  at  113*114B0  indloatad  that  rata  of  daoonpoaltion  of 
90#  Mala  daoraaaod  vlth  tlaa  of  oontaot.  Tho  hlghaat  rata  ooourrad 
In  thl  first  fav  houra  aa  aurfaoa  vaa  apparently  Ming  deactivated. 
Daoonpoaltlon  values  » *tap  several  houra  vere.l-.8J*  par  duy  and 
aftar  tvo  hundrad  houra,  O.Olp  par  day. 

Oonaldarabla  verb  on  tharaal  stability  at  tenperaturoa  abova 
tha  boiling  point  hai  Man  dona  by  Jat  Propulsion  Laboratories 
(Raf  .18) .  Studies  of  daooMpooltlon  at  tanpecatures  up  to  863®0 
(300°? )  ltd  to  tho  follovlng  oonolualonoi 

1.  Oaaooua  hydratlno  In  tho  proaonoo  of  an  oxoeos  of  liquid 
at  500®?  or  lovor  deeoapotee  at  a  prodlotabla  rato  vhloh  la  a 
function  of  taaparatura .  Produota  are  H3  and  Hg. 

8.  Abova  300®?  aoas  of  tho  unonta  deooaposes  Into  tha 
alaaonts . 


3.  Tha  roaotlon  la  vail  oatalyaod  and  rata  la  indopsndsnt 
of  tha  aaount  of  liquid  In  tha  toot  ohaabor. 

4.  Carta in  aatarlala  algnlfloantly  Ineranas  daoonpoaltlon 
ratoa  and  ara  usually  nor#  Important  than  aurfaoa  oatalyaia. 


Oatalrtla  paaoMaaitlan.  Catalytic  aurfaoa  a  or  Mterlala 
hava  a  *ora  pronouateo  erroet  on  tha  stability  of  hydras  lna  than 
doaa  taaporatur*.  Tha  aatalytle  activity  of  oortaln  aatals  la 
disouaood  In  tho  follovlng  aootlona. 


Diesel vad  laas. 

11  aMIAIW  in  1 


Laboratory  Mata  vara  oarrlod  out 
in  n  glass  apparatus  in  vhloh  96.0)1  Halt  vaa  rofluxod  under 
a  nltrofon  biantot  (Hof.  13)*  Varlovt  loaa  vara  sheeted  at 
80  ppn  oonesatratloa,  Maturing  deooBpo.itlon  rote  by  tha 
gna  avolvad.  Vhereaa  tho  oontrol  ahavad  o.l4j<  Halt  daoonpoaed 
par  day,  eanplet  Containing  chronic,  forrlo,  and  ouprlo  ions 
ahovad  0,3 fT,  0,»4p,  and  O.lTP^ay,  ratpaotlvaly.  Sanplaa 
containing  el  unlaw,  nlakal,  sulfate,  and  aeatata  Iona,  vsrc 
aqual  to  or  noro  itablt  than  tho  oontrol . 
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In  atudivs  conducted  in  the  prosenoe  of  atmospherio 
oxygon,  Audrioth  k  Mohr  (flsf.  14)  found  that  traoes  of 
dissolved  copper  strongly  catalysed  autexidatlon  of  hydraslne. 
Iron,  cobalt,  chromium,  and  nloicel  ware  not  catalytic. 

Although  hydraslne  Is  produced  and  stored  In  stainless 
steal  equipment,  ions  of  Iron,  ohroalum,  nickel,  etc.  will 
not  be  present  unless  there  has  been  salt  or  acid  contamina¬ 
tion.  Under  such  circumstances,  corrosion  of  the  metal  nay 
ocour.  Observed  decomposition  Is  then  usually  due  to  the 
metallic  Ions  resulting  from  oorroslon  (solution)  of  the 
metal. 

b.  Metal  surfaces.  In  finely  divided  form,  ustels  suoh 
«s  mol ybdenuiv  Msney  nlokel,  Iron,  oobalt,  or  stainless  steels 
Have  been  found  by  Met  hie  son  and  others  (Ref.  1?)  to  catalyse 
nydrtsltfe  decomposition.  'Dhe  offset  is  assumsd  to  bs  due  to 
both  extended  surface  area  and  the  specific  material  Involved, 

it  more  practical  interest,  however,  is  the  Influence  on 
hydra sine  stability  of  various  metals  when  utilised  la  sheet, 
pints,  o-  other  massive  forms.  On  the  basis  of  a  large  number 
of  tests  conducted  by  Mathlseen,  It  has  bets  established  that 
itainlssu  tusl  304  or  947)  Is  the  p/eferred  material 

it  honstruetlsn.  Roiyldsaum  stabilised  stainless  (type  9lc) 
ts  to  be  u  voided  because  of  the  fieot  that  the  mrtybdoMM 
present  catalyses  rteoomposKioa.  Aluminum  say  also  bo  suit¬ 
able  for  une  with  s^Hydrous,  but  share  is  some  evldOMO  of 
eorrostr-n  by  hydjute  at  the  bsJ  4kg  point.  Plain  stool  appears 
almost  a  >alv  4*ttt  to  stalnlea*  >teel  under  controlled  tost 
conditions,  Sways*,  einoa  the  steel  oxidises  readily,  mi 
It  oh  oxluo'lt  v*ll  recognized  as  a  deooaposltism  catalyst, 
l*e  use  of  s'eol  in  plant  Installations  Is  not  oeaaldered  a 
sr.fr  praotis^. 


Copper  ,  I  t*  steal,  may  perform  satisfactorily  so  a 
material  of  otnetruotlon  for  nydraslns  if  oxygsm  is  avoided! 
that  is,  if  oituioncnt  is  not  alloyed  to  beooao  oxidised  during 
use.  on  tits  casts  of  prollsdnary  tests  of  oorrooloa  resist  mss 
and  decomposition  effect*  in  1947,  copper  was  eotuelly 
eel u« ted  uyrr  stainless  steel  for  fabrication  of  a  flash 
distillation  unit.  The  oholoe  appeared  satisfactory  for  rlmrt 
two  years,  sluoe  relatively  trouble -fret  operation  vao 
experienced)  Oxide  film  and/sr  oxide  voiding  slag  lnoluolomo, 
later  recognised  as  decomposition  catalysts,  eventually  sauced 
nn  explosion  In  the  ooppsr  still.  Use  of  copper  was  the re fare 
discontinued. 


Decomposition  teers  Conducts  at  ffo°C  In  iwtU  cylinders 
of  347  stainless  stool  shoved  that  (1 )  95.5#  N0H4  decomposed 
to  I7H-*  and  Npi  (2)  rate  of  decomposition  decreased  linearly 
vlth  time  (O.'oS^/day  at  3  hours j  0,002# /day  at  893  hours))  and 
(3)  decomposition  vas  greater  when  more  vapor  phase  vaa 
exposed  to  the  metal  (sea  Table  V). 


TABLE  V 


glaasJmu 


fi 

ee 

.062 

4 

•53 

ee 

84 

.14 

.011 

72 

.069 

.0044 

150 

.047 

.0086 

850 

'  .036 

.0020 

Cato  are  plotted  in  Figure  3  along  vlth  other  deoomposl- 
tlon  results  obtained  in  Kathieaon  laboratories.  Seleoted 
data  reported  by  B&ttelle  (Kef.  15)  are  also  ahovn  for 
comparison.  Values  Are  summarised  In  Table  VI. 

In  a  55  gallon  drum,  the  surfaos /volume  ratio  would  be 
3.5/1.  In  our  laboratory  runs,  using  24  on**  samples  in  about 
150  00  of  hydrasins,  the  ratio  Is  0.167 /l.  Ths  stainless 
bomba  had  a  0,9/1  ratio.  Battelle  data  shown  in  tha  figure 
wore  based  on  experiments  using  a  43/1  ratio.  This  may 
sxplain  the  higher  decomposition  evon  though  runs  vero  made 
at  6o°0  rather  than  at  boiling  point. 

Molybdenum  motel  hat  been  observed  to  be  a  speoiflo  and 
potent  catalyst  for  the  decomposition  of  liquid  hydrasins  as 
veil  as  fused  dihydraslne  sulfate.  There  are  several  standard 
types  of  stainless  steel  which  contain  from  0.6#  up  to  4#  Mo. 
Average  oontont  of  other  stainless  steals  is  about  0.15#  vlth 
0.5#  frequently  noted.  Evidenoe  is  not  sufficient  at  present 
to  warrant  setting  a  Mo  tolersnoe  on  nteel  for  hydrasins 
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Control  la  fyro* 

95 * 

«  114 

3.3 

.103 

Control  In  Pyrox 

93* 

114 

16 

.090 

Control  la  tyx+x 

93* 

114 

96 

.068 

Coat  ^1  la  ffjrrox 

95* 

114 

95 

■  .014 

!  304  ia 

64* 

.  180 

4.3 

.078 

|  304  •• 

95* 

114 

40 

.02 

j  304  aa  (valded) 

95* 

114 

44 

.083 

304  aa 

70* 

114 

40.5 

.033 

321  aa 

93* 

H4 

25.3 

.  .015 

347  aa 

95* 

114 

24 

.038 

316  aa 

70* 

114' 

5.8 

.06 

Alualnua  sa 

<  • 

95* 

114 

40.5 

.0)8 

1  Altunin u*  38 

j  ' 

54* 

119 

37.5 

.01 

j  Braaa  (Bad) 

95* 

114 

63 

.015 

i  :  Stool 

f 

95* 

114 

63 

.079 

j  Stool 

12* 

102 

4.7 

.133 

\  Stool  (ruatjr) 

12* 

108 

4.0 

.233 

BAttolla  Data  ^tf ,  ) 

AluuLnua  88 

95* 

60 

720 

.134 

Ooppor 

95* 

60 

720 

.896 

oquipskent  &elov  but  It  olsarly  indicates  that  typo* 

containing  molybdenum  should  bo  avoided,  These  vould  include 
303,  313,  316,  317,  389 ,  4l6,  480P,  and  430P.  Although  types 
304  and  347  vore  recommended  for  Mathleson  use  la  shipping 
containers,  equipment,  and  piping,  most  fabrication  in  the 
last  fev  years,  has  been  with  304,  owing  to  the  unavailability 
of  347. 

Olln  Industries  (Ref.  16)  have  also  established  that 
molybdenum  strongly  catalyses  the  decomposition  of  hydrasiae. 
Cylinders  of  various  testai  vare  exposed  in  the  vapor  phase  to 
refluxing  hydraslnt  and  deeomposltion  vas  measured  by  pressure 
rise  due  to  evolved  NH-,  and  Ifg,  Data  are  summarised  in 
Table  VII,  It  is  deafly  ihava  that  316  atainless  steel  and 
especially  Hsatslloy  A  are  decomposition  catalysts, 

TABLE  V1X 


mOP  PHASE  DEOQMPOflJTIOlf  OP  nVPHAZlHB 
(Pressure  Hist,  mm  Hg  in  14.3  hours) 


Tc»P  °0 

Blank 

304  as 

347  ss 
*  Ob 

316  ss 

jj Lm 

aisM. 

30 

1 

1.3 

1 

18 

5 

73 

1 

>1 

19 

194 

79 

115 

«6oi0m, 

80i£?Mo 

63 

S09 

146 

117 

198  (8  hrs) 


0  «  Inhibitors.,  A  nur'.sr  of  inhibiting  materials  have 
been  proposodliTors,  13,  14,  17)  to  roduoe  deoomposltiou  of 
hydrnslns  which  is  catalysed  by  various  metals.  One  of  the 
most  significant  materials  reported  effective  vas  osdaiua, 
added  os  the  acetate  (,l-,5js)  or  employed  as  surface  plating, 
Tito  marked  improvement  in  stability  olalmsd  vas  verified  In 
our  ova  laboratory  teste. 


Mould  Wydrttslne.  The  conditions  under  vhleh  liquid  hydrasiae 
deoompoouH  at  controlled  rates,  or  gaieouo  hydrasine  explodes 
have  boon  discussed  in  the  foregoing  seotion.  It  Is  desirable  nov 
to  consider  the  evidence  pertaining  to  the  possibility  of  explosion 
in  the  liquid  state.  . 

Because  of  suspicions  that  hydrasine  might  be  explosive,  its 
sensitivity  to  various  types  of  Initiating  impulses  vas  teatod  by 
the  0,8,  Bureau  of  Mines  (Ref.  8).  The  liquid  shoved  no  lndioatlon 


sir 


Vltt  vabtr, 


i vto*  «ort«p,  tt  TouidiJti  !S  «Jrt.M,!4iJirL#f1.L#tfl?tt,8t 

:r  *?  •«*-•  8 • iti  5JS^:ft:  js* 

!KiS"!  fcarardKsif?  STL*!?4  M~K2  2““‘" 

a^iTirgrtlg^fe!*  »■  fttiK 

sp*.*—  *uJ^^sana  ss  sms*!.. 

•taiilm  boaba,  muTio!  I  !••>•  *»f»m  in 

HtNMthii)  ko  datOMta ihm  S*8Shii2f2« of  t,tl** 
NVtttM  only  li  thiMuaf  Si7.SSSJi!,,k  W**'  »•» 
tt»  lUbim}  “  »>««•.  iftdlflatu, 

...  RViS 

mb  ibpltiiMi  ateriSLitiM!  KJJ,WM  f»T  Niult  fm 
baadllu,  Althoajfa  f*  ■MntfMtuw  and 

ut  awijabX*,  iba  ^«na«?thi'r?hT  ■*?******  ***  MlWMiiti  art 

moffiKlJliMt  lUaUtabi.  «ht  but  of 

130000.  At  SS  iliSliii  ?f5H«.»  <MWwi»w  Mu  tf  about 

M-aai.  kutTouS'S^ixrjss^  sssffi&V’ 

9\t 


roititlvoly  lov  towporaturu  1b  so  nearly  oomplcto  It  any  reasonable 
pressure  that  ths  only  reaction  that  need  be  considered  la 


KgH4  -Hfj  +  SKg 

Using  tabulated  valuee  (Ref,  19)  of  ZT° 
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for  the  gaeen  reaultlng  from  explosions,  the  heat  contents  of  the 
reaotion  proiluota  at  the  original  temperature  oan  be  easily 
estimated}  and  this,  addad  to  the  heat  of  reaction,  gives  the  total 
heat  content  of  the  reaotion  products,  from  vhloh  the  final  tempera¬ 
ture  oan  be  estimated. 


Table  VZII  shove  the  results  of  several  suoh  calculations  for 
saturated  hydrasine  vapor  in  ths  range  from  6?°  to  170°0. 

TABLE  VIII 


uwaw&um  AUimw  mi 
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Temp. 

«0 

Initial 
Press, 
atm.  . 

Temp. 

Rise 

Ofl 

Final 
.  Temp, 

ok 

Ratio 

P/P 

■M  JmmaL. 

Atm  1  B..B  iJiiii 

<37 

0.167 

1360 

1700 

13.00 

2.50 

22 

87 

0.386 

1349 

1709 

14.23 

3.50 

66 

96.3 

0.353 

1344 

1714 

13.92 

7.6  9 

98 

113.3 

1.00 

1334 

1721 

13.33 

13.33 

182 

140 

2.30 

1322 

1733 

12.60 

29.0 

#• 

411 

170 

3.00 

1308 

1751 

11.83 

39.3 

897 

If  air  is  mixed  vlth  the  hydrssine  vapor,  the  R*  from  the  hydra- 
slue  decomposition  Is  burned,  yielding  +  Ha0,  with  either  Oj  or 
Hg  If  the  air  or  hydrogen  ie  in  excess.  Because  of  the  large  neat 
or  the  oombustion  reaotion,  the  pressure  rise  for  explosions  of 
air  saturated  vlth  hydraaino  at  a  total  pressuro  of  one  atmosphere 
Is  greater  than  for  oxploslons  of  pure  hydrasine  vapor  at  the  sane 
temperature,  the  dlfferenoe  being  grostest  for  mixtures  approximat¬ 
ing  the  stoiohiouotrio  proportions  for  complete  oombustion. 
Calculated  values  of  final  temperatures  end  prosnures  from 
explosion  of  mixtures  of  air  vlth  saturated  hydrasine  vapor  at  one 
atmosphere  total  pressure  are  ehovn  In  Table  IX. 


TABU  IX 


■  .11"  1  ■■  II  1  Pill  li  1  ■■ 

Initials  Tens  ®0 

Final  Temp  °K 

Final  Preae.  calx 

k7 

718 

18.5 

57 

8346  . 

100 

67 

3100  ■ 

148 

87 

8586 

156 

96.5 

8871 

168 

If  nitrogen  la  substituted  for  air  la  tha  mixture.  the 
calculated  maximum  pr«i>aur*  la  deorenand  "hxrply  to  *  value  only 
allghtly  grontar  than  that  for  pure  hydraaiao  vapor  undar  raduoad 
pressure,  At  fl7°0,  tho  oalaulaUd  maximum  proauuro  la  76  palg, 
and  tha  tomparature  rise  la  897°0.  Balov  8?°0,  .at  vhloh  tha  vapor 
proaaur*  of  hydraxlne  la  oqucu  to  Ita  calculated  partial  pressure 
at  tho  It; war  explosive  limit  of  mixtures  with  oltrogan  at  1  at* 
(Tubls  V),  no  explosion  ahould  odour. 

Maximum  oaloulafcad  praaauras  resulting  from  explosions  of 
saturated  hydruaine  vapor,  alone  end  mlxad  vlth  air.  ara  plotted 
against  saturation  tempamtures  as  solid  lines  In  Figure  4,  Tha 
brolcan  lines  rapraaant  nltrogan  saturated  vith  hjdraslno  at  1  atm 
total  prasaurs. 

It  la  to  bo  notad  that  although  tha  maximum  praasura  developed 
by  axploalon  of  thu  pura  vapor  decrease*  rapidly  as  tha  tamporatura 
la  raduoad  balov  tha  atmosphorio  boiling  point.  16  daoroaaaa  but 
llttla  vlth  temperature  In  that  range  1?  tha  praaaur#  la  maiutalasd 
by  admitting  air,  dovn  to  about  67°0,  vhors  thu  hydranint  and  air 
ara  in  atolohlomotrlo  ratio.  Belov  this  tamporatura,  tha  amxtttun 
proa euro  daoroaaaa  rapidly.' 

Tho  chief  advantage  of  padding  vith  nitrogen  ie  therefore  to 

f  revent  forming  air  mlxturon  that  remain  explosive  at  moderately 
ov  temperature ■ .  Secondarily,  It  la  to  ba  noted  that  dilution 
of  hydraalne  vapor  vlth  nitrogen  markedly  deoroaate  the  maximum 
temperature,  although  oauelng  a  alight  lnoreaaa  la  the  maximum 
preeouro  developed  by  deoompoaltlon, 
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Tho  qualitative  knowledge  that  hydrazine  la  toxic  to  animal • 
la  almost  aa  old  aa  tho  oompound  Itself.  Ourtlua  (Ref.  1)  stated 
In  1837  that  tha  vapor  attaoke  the  membranes  of  tha  uoae  and  throat) 
and  In  1890,  Loev  (Ref.  20)  announced  that  plcate,  fungi,  lover  ' 
animals  and  mammals  are  killed  by  small  quantities  of  hydrazine, 

Du-ing  tha  suocoedJ.ng  fifty  years,  several  studies  vsre  made 
on  the  physiological  effects  of  hydrazine  In  experimental  animals, 
but  without  obtaining  quantitative  data  that  would  be  useful  In 
aval unting  hazards  of  industrial  exposure.  aiulluriy,  experienoe 
In  oowmorolel  production  of  hydraslne  hydrate  in  Oeraany  reeulted 
In  qualitative  observations  on  reootione  of  human  subjects, 
especially  to  hydrazine  vapor  in  the  eyaa,  but  still  without  any 
quantitative  data  on  tha  concentrations  Involved.  These  reports 
contain  two  valuable  implications,  however t 

1.  Thu  vapor  caunea  aorloua  discomfort  to  the  ejree  In  oon- 
oentratlons  well  below  thoaa  required  to  cause  general  symptoms 
or  damage  to  other  organs)  and 

2.  The  effect  of  the  vapor  on  the  ayes  Is  painful,  but  causes 
no  permanent  Injury. 

Subsequent  reports  on  random  observations  of  questionable 
objectivity  have  ascribed  to  hydrazine  numerous  effects,  some  of 
vluah  may  have  been  of  payohologiaal  origin.  In  tho  absence  of 
doflnito  evidence  to  tho  contrary,  these  reports  had  to  be  given 
duo  consideration  in  tho  formulation  of  safety  practice e  for  our 
original  pilot  plant  operations,  with  tho  result  that  our  standards 
wore  stricter  than  lieaessary  In  come  respects. 

The  need  for  reliable  quantitative  data  has  been  partly  met 
by  a  study  made  at  the  University  df  Southern  California ,  The 
report  (Ref.  ?i)  on  this  work  constitutes  the  boat  and  most  com¬ 
prehensive  treatment  of  the  toxicity  of  hydraslne  to  date.  In 
thin  study,  experimental  animals  (rats,  mloe,  rabbi to,  plgeonr, 
and  oats)  vero  observed  after  measured  doees  of  hydraslne  ad- 
uJ.nl stored  In  various  vays,  and  autopsies  were  performed  on  the 
animals  that  vere  hilled. 

from  data  on  tost  animals.  It  was  concluded  that  single  douse 
of  100  mgAs  of  body  volght  or  daily  repeated  doses  of  10  mgAg 
(oorreepoudlng  to  7  grams  and  0.7  grams,  respectively,  for  154 
pounds  of  body  weight]  would  bo  "extremely  dangerous*  for  a  man. 

The  aoute  toxlo  dose  for  man  was  estimated  at  0.5  to  1.0  grams, 
or  about  tha  same  as  the  daily  repeated  does  that  would  be 
extremely  dangerous. 
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inhalation  testa  of  1  hour  duration,  ch lolly  ca  albino  mico, 
indicated  that  single  or  ooosslonal  exposures  to  1000  ppa  (by 
volume)  in  air  are  eurvivable  vlthout  apparent  harm]  1600  ppn  le 
dangerous,  sometimes  lethal]  and  2000  ppn  or  more  Is  alaost  always 
lethal.  It  vas  romarked,  however,  that  "the  aoutely  dangerous 
concentration  In  air  Is  much  higher  than  that  of  ohealcals  such  as 
nitrogen  dlo.tJ.de,  carbon  monoxide,  and  hydrogen  sulfidej"  and  It 
wan  suggested  that  "acutely  dangerous  concentrations  would  be  as 
Intolerable  as  utrong  concentrations  of  ammonia.*  It  vas  noted 
also  that  "hydrazine  vapor  In  air  can  hardly  be  olasslfled  aa 
dangerously  toxio  in  the  ordinary  sense.* 

It  is  Mathleson's  observation  that  physlologloal  hazards  nay 
be  of  major  ooncem  In  the  handling  of  hydrazine  only  when  relatively 
concentrated  solutions  are  involved.  Dilution  reduces  both  the 
vapor  pressure  and  the  corrosive  effeot  to  suoh  an  extent  that 
solutions  containing  less  than  about  25J<  free  base  are  no  siore 
hazardous  than  solutions  of  many  other  chemicals. 

The  moat  serious  hazard  Is  apparently  from  accidental  splashes 
of  oonuentrated  hydrazine  In  the  eyes.  Proper  use  of  goggles  will 
prevent  most  suoh  contacts j  and  prompt  washing  with  vator  should 
prevent  injury  when  opliuhsa  get  by  the  goggles.  It  le  reported  that 
vhon  hydrazine  in  concentrations  greater  than  20J8  oomee  in  oontaot 
with  the  eye  for  short  periods,  permanent  damage  may  result. 

Accidental  oontaot  of  concentrated  hydrazine  with  the  skin 
will  cause  a  bum  unlesa  the  hydrazine  Is  washed  off.  Burned  skin 
assumes  a  slightly  bleached  appearano a  and  swells  slightly.  If 
more  than  a  small  area  of  skin  is  involved,  there  may  be  toxio 
effects  au  well.  Protuotlva  clothing  has  therefore  been  uaed 
vhenever  there  Is  danger  of  splashes;  and  provision  le  made  for 
prompt  and  thorough  washing  of  any  hydrazine  that  re&ohes  the  body. 

The  vapor  le  apparently  lees  dangerous  than  formerly  believed. 
Our  general  rule  hae  been  to  provide  enough  ventilation  to  avoid 
any  noticeable  odor  of  hydrazine  in  work  spaces  under  normal 
conditions.  The  concentration  at  vhloh  the  odor  of  hydrazine 
becomes  notlooablo  has  not  boen  determined,  and  presumably  varies 
with  the  Individual]  but  we  would  estimate,  on  the  basis  of  our 
exporlenoe,  that  the  odor  threshold  is  somewhere  holov  100  ppm 
aa  aompared  with  about  1000  ppm  survlvable  for  one  hour  by  mice 
vlthout  apparent  harm. 

Mathlesoa'a  only  plant  experlenoe  Involving  exposure  to  fumes 
appears  to  be  oooaeional  hoadaohes.  These  have  shown  up  vhen 
oporatora  have  worked  in  close  quarters  for  oxtendod  periods  where 
hydrazine  vapor  was  apt  to  exist  (drum  filling,  sampling  in  dls- 
tlllation  area,  etc.). 
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After  several  years  of  pilot  plant  production  experience,  It 
has  been  observed  that  the  most  prevalent  health  hasard  identified 
with  hydrazine  and  Its  salts  Is  dermatitis.  Even  then,  only 
relatively  fee  oases  have  oeeurred.  In  most  instances ,  the  source 
of  Irritation  appears  to  have  been  aoldlo  salts  of  hydrazine  rathe" 
than  the  free  base.  Mono  and  <llhydrazlne  sulfate  and  hydrazine 
hydrobromide  vere  speolflo  causes  In  several  cases.  It  has  not 
yet  been  possible  to  separate  the  effect  of  the  inorganic  acid  from 
hydrazine  proper,  nevertheless,  the  salts  urs  assumed  to  be 
hazardous  or  toxic  to  akin  and  are  handled  In  a  manner  to  prevent 
inhalation.  Ingestion,  or  skin  absorption. 

'  A**.*  Practices 


■  ,,  flaatfriJilAMtoVlIt*  In  formulating  speolflo  rulea  to  be 
followed  in  design  and  operation  of  plants  and  equipment  to  haudle 
hydrazine,,  the  following  baalo  facta,  summarizing  data  from  pre¬ 
ceding  sections  should  be  taken  Into  consideration i 


! 
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1.  Hydrazine  vapor  Is  combustible.  Air  saturated  vlth  It  at 
temperatures  above  104°F  (4o°C )  1s  an  explosive  mixture.  This 
corresponds  to  k.7fi  by  volume  of  HoHs.  For  hydrazine  vapor  and 
nitrogen,  the  lover  explosive  limit  is  38£,  (saturation  pressure 
at  1S§°F  (37°0)). 

2.  The  vapor  alone  Is  also  explosive,  decomposing  vlth  a 
theoretical  temperature  rise  of  about  1300O0,  and  producing  a 
maximum  calculated  pressure  about  12-14  times  that  of  the  original 
vapor. 

3.  Both  the  oxidation  and  dooompoeltion  reactions  nay  be 
oatalyzed.  The  catalytic  reactions,  although  slow  at  normal 
temperatures,  may  raise  the  temperature  until  reaction  proceeds 
at  a  dangerous  speed. 

4.  Xf  a  mixture  of  vapor  and  an  oxidizing  gas  In  onntaat 
vlth  exoese  liquid  phase  Is  exploded,  reaction  Is  propagated 
through  the  vapor,  but  not  through  the  liquid  phase. 

5 .  Both  the  liquid  and  the  vapor  react  readily  -  In  some  oases 
violently  -  vlth  many- oxidizing  egente, 

6.  Hydrazine  Is  toxic  when  Ingested  by  Inhalation  or  other- 

vise. 

Regulations .  Under  the  regulations  of  the  100,  hydrazine  Is 
classified  as  a  'corrosive  liquid."  This  olasslfioation  (Ref.  *>2) 
vas  established  and  appropriate  shipping  containers  vere  specified. 


(. 
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ou  roooflmndatloa  of  tha  Bureau  of  Xxplotirt*  of  tha  laiooiatioa 
of  Aaarloon  Roil  rood*.  Thl*  followed  a  netting  of  four  latoratttd 
00-paal.a,  at  which  propartlaa  of  hydrealaa  vara  rorlavod,  and  tha 
parlioular  oiaaalfioatioa  vaa  ohoaoa  aa  boat  affording  tha  pro- 
taotioa  for  whioh  tha  regulation*  ara  intended . 

4.AiS0USh  *7j**»lab  la  a  liquid,  aad  la  adalttadly  ooBbu* tibia 
Pfoparlr  olaaalflad  aa  aa  laftaanablt  liquid,*  whioa  la 
v“y  lU«ld  vhlah  gl vaa  off  laflaaaabla  vapor*  (a* 
ty  opaa-aup  fiaah  point)  at  or  below  a  tenperature  of 

SSi  *sJ?.S^«Ei"u!u.  “**  *■'  “•  -“«*  *• 

.1 it  would  appaar  that  Uydratlae 
$?**??.*•*  aafat jr  purpoao*  both  aa  a  aorroalw* 
fSkO*  liquid  with  a  oloaad  oup  fie  eh  point  of  about 

iu  ll  Mt  **  axploalva  ia  tha  generally  aeeaptad  aaaaa  of 

tha  word,  aor  uadtr  tha  dafJ  ltlona  of  aoat  applicable  lava  and 
rtfui&tioai * 


tha  aalaotloa  of  notarial  a  of 


,  ■■  mi  boob  amount  a,  rataar  than  torroalon. 

'X'.. tha'reilatenoe  of  poaalbla 
aatarlal*  to  attaok  by  hydrealna. 

Za  thla  regard,  oorroalaa  rata*  war*  datomlaed  for  varlou* 
f1***^*  '’•I11*  oonalderod  for  hrdraalaa  torrid*,  hiti  won  aoadaatad 
ia  tha  abtenot  of  air.  Data  ladloatad  that  vith  tha  exception  of 
■ino,  aoat  a* tala  oorredad  at  ratal  of  loaa  t'wa  0.0W  laohaa/rtar. 

holllaf  point  and  oenoeatretloai  of  jl-W 
aad  95*  faHq  war*  lavolwad.  fyploal  raaulta  aro  glroa  la  Vabl*  x. 


raiulta  aro  glroa 


ror*  ooadaated 
looptloa  of 

,‘TWBSr- 

la  Vabl*  X. 
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Work  by  Pieatlnny  Arsenal  (Ref.  9)  oeaerally  eoufiruia  Mathle- 
uon'a  studies,  At  6S°C  after  10  months  coiitv.ot  with  95#  Nr>Hh,  the 
following  losaeo  la  weight  (gmo/em«)  were  noted t  Aluminum  - 
0.000;  204  as  -  .0012)  olid  steel  •  .127)  and  alokel  -  ,040,' 
Corrosion  vu  excessive  after  4-6  month*  on  copper,  lead,  tine,  and 
magnesium. 

There  are  several  practical  considerations  that  govern  the 
choice  of  sjaterlals  or  construction  onoo  having  the  basio  knowledge 
relative  to  corrosion  and  dooonposltiont 

1.  It  Is  Impractical  In  many  oaoea  to  avoid  occasional  or 
even  frequent  adaiseion  of  air. 

2«  It  ie  often  neaesiary  to  work  at  elevated  temperatures,' 
or  impossible  to  he  sure  that  desired  temperatures  are  maintained. 

5.  It  la  sometimes  necessary  to  handle  hydrazine  containing 
water,  mineral  acids,  or  salts. 

In  view  of  the  above,  Hnthieson  has  oonsidored  it  prudent  to 
avoid  material*)  which  are  attacked  by  hydrazine.  or  which  beooms 
aotlve  catalysts  of  decomposition  under  any  of  the  stipulated 
conditions.'  Thus,  any  metal  vhioh  reacts  with  the  atuoaphere  to 
form  an  oxide  la  to  be  avoided.  Mild  steel  and  oopper  aro  con¬ 
sidered  undesirable  for  this  roAaoh.  A  serious  hazard  would  exist 
for  example;  if  iron  oxide  should  scale  off  and  accumulate.  As 
previously  dioouused,  various  oxides  react  violently  with  hydrazine. 
Problems  of  this  kind  are  best  avoided  in  our  operations  by  use  of 
stainless  atsel  type  304  vhioh  is  also  more  resistant  to  attaok 
by  soldi. 

Aluminum  appears  to  be  another ' suitable  material  for  oonstTuo- 
tlon  of  drums  and  process  equipment  containing  anhydrous  NoHk. 
However,  further  teota  would  be  desirable  before  use  of  aluminum 
is  adopted  or  recommended, 

Glass  has  been  found  suitable  aa  a  material  of  construction 
from  both  a  corrosion  and  decomposition  standpoint,  except  that 
in  hot  aqueous  hydrazine,  some  solution  may  telco  place,  Prom  a 
safety  standpoint,  glass  is  structurally  leos  oatlsfaotory  than 
metals.  Its  use  has  been  restricted  to  essential  parts  vhero 
transparency  la  desired. 

_  .  for  packing  and  gaa5;ota,  hard  (or  impregnated)  asbestos  and 
Teflon  have  boon  found  sooeptable.  Polyethylono  is  ohemioally 
resistant,  but  is  limited  to  use  at  temperatures  below  l60°F. 


fabrication  and  Design.  To  ellmlnote  the  hatard  of  hydratine 
combunFljn  when  expo  sod  Inordinately  to  alp,  apodal  attention  must 
bo  given  to  assembly,  fabrication,  or  deelffi  Methods.  ' 

On- the  ha  via  of  pilot  plant  experience,  It  haa  bean  found 
preferable  to  '  •■  k-veld  threaded  fittings  larger  than  1/2  In  eliei 
othervloe,  >-  -iscur  frequently.  Carefully  threaded  small -else 
pipe,  lub. '•  ■  'ith  plaatlo  lead  aeal  compound,  and  drawn  up 

tightly,  hi-:i  ;  o •  i  hydraslne  fairly  wall. 

Care  must  bo  exercised  In  asking  all  velda.  Existence  of 
flux  or  slag  In  the  veld  stay  lead  to  attack  by  hrdrailne,  resulting 
In  leakage .  All  joints  should  be  thoroughly  tested  with  air  or  <  •  • 
NHj  under  preaaure  before  using  with  hyd ratine. 

It  has  been  observed  on  several  oooaelon*.  where  prooese 
equlpmont  vas  repaired  or  revised  by  welding,  that  accelerated 
decomposition  of  hydraalne  la  the  prooeas  solutions  took  place. 

A  technique  of  washing  such  matal  surface a  with  dilute  hydraalne 
prior  to  regular  operation  hat  been  adopted  ae  a  safety  measure. 

It  Is  not  eoonomloally  practicable  to  use  vessels  designed  to 
hold  the  maximum  pressures  that  could  be  generated  by  explosion  of 
hydraalne  vapors  within  them  under  oonditlons  that  may  ooour  under 
abnoxwol  conditions.  The  test  pressure  epeolflod  for  shipping 
containers,  for  example,  la  1$  palg, . oompired  with  explosion 
pressures  of  300  psig  or  more  that  oould  ooour  If  the  containers 
were  exposed  to  fire.  Neither  Is  it  generally  practicable  to 
provide  sufficient  explosion  relief  to  prevent  demags  to  a  vessel 
that  Is  not  designed  to  withstand  the  prneeure  generated  by  the 
explosion , 

On  the  other  hand,  it  is  reasonable  to  require  that  oontalnsrs 
be  designed  to  withstand  the  maximum  pressures  that  can  be  generated 
by  explosion  of  any  vapor  mixturee  that  oan  exist  within  them 
tuider  normal  operating  oonditlons.  Mathleson  has  concluded  that 
If  thl:i  rule  le  followed,  and  if  reasonabla  precautions  are  taken 
to  minlnlxo  the  ooonrronoe  of  the  abnormal  oonditlons  thet  oould 
aaufio  rupture  by  expluslcn,  the  resulting  risk  should  be  close  to 
the  eoonooio  minimum. 

The  design  of  vessels  containing  hydra tine  will  depend  upon 
operating  pressure  and  temperature  and  composition  of  vapor  present. 
Requirements  vhloh  have  guided  our  work  are  summarised  ae  follows t 

1.  For  vessels  to  be  used  at  atuoepherio  pressure  and  at 
temperatures  below  40°C,  pressure  requirements  were  only  nosdLnal, 
or  auffloient  to  withstand  air  pressure*  used  in  testing  for  leaks. 
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1.  gofer*  fUUng  new  pUoi  of  Mwlpoont  ky4r«»ia*, 
ttln  aura  that  It  Im  clean  and  fraa  from  scale.  If  It  la  to  too 
used  for  hot  eonoantratad  hydraalne,  It  should  flrat  bo  filled 
vltta  dilute  hydraalne  and  heated,  to  aika  aura  that  there  it  no 
oxidising  material  proaonfc.  netting  with  Inhibited  an Id  to  reaoTO 
ruat  or  mill  aealo  la  a  dealrablo  praotlee. 

2.  watch  new  equipment  oarefully  for  leaks.  Be  especially 
alert  for  the  first  few  day*|  *nd  continue  frequent  lnapeotlone 
for  several  weeks,  to  be  aura  that  no  alow  leaka  develop. 

J.  Flush  with  nitrogen  before  admitting  hrdraaine  *t  any  ■' . 
temperature  above  40®0,  or  before  heating  above  4o°C.  Shipping  and 
a tor age  oontalnera  should  bo  flushed  with  nitrogen  regardleaa  of 
tenperaturo. 

4,  Oheek  all  control  Inatrunante  and  safety  devioea  at 
regular  Intervale  to  ba  aura  that  thty  art  la  good  operating 
condition. 

*».  After  filling  eaoh  shipping  container  with  hydraalno  for  ’  > 
the  first  tine,  store  it  for  at  la&at  24  hours  In  a  location 
where  any  leak  that  may  develop  oan  do  no  damage . 

6.  When  equipment  must  be  opened  for  any  reason,  make  oertaln 
that  It  la  oooled  below  40°0  and  fluehed  with  nitrogen  before 
opening. 

7.  If ‘repairs  or  changes  are  to  be  made,  equipment  must 
flrat  be  flushed  with  water. 


8.  Goggles  should  be  worn  at  all  times  in  areas  whore  hydra- 
alna  la  being  handled. 

9.  Protective  olothlng  suoh  aa  gloves,  aprons,  faoe  ahlelds, 
eto.,  is  required  vhenovor  hydraalne  la  being  handled  In  euoh 
manner  that  a  splash  may  fosult.  It  la  generally  unnecessary  whoa 
equipment  and  mothode  are  properly  designed;  but  should  bo 
Immediately  available  for  emorgenoy  ueo. 

10.  One  maiks  are  unnecessary  exoept  for  emergencies,  when  : 
ammonia -type  manka  may  be  used)  but  they  ehould  be  readily  avail¬ 
able, 

11.  Emerprnnoy  showers  must  be  readily  aooeaslblo  for  prompt 
treatment  of  aplaabes. 
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good  heuH»M*piag  god  alertness  ere  the  prine  factor*  la  da tea ting 
lulci  or  eplllege  baforo  Ignition  occur*. 

13.  Oho*  aplllngo  It  detaoted,  fluehln*  with  voter  la  o 
oartola  aaana  of  pra ranting  or  extlagulahlng  fir*.  Autoaotlo 
•prlaklara  ora  aotlafoctorj  for  axtlngolahlnc  ftrea.  but  should 
bo  eupplananted  vlth  ■snutllr  controlled  voter  aupplj  vhloh  eon  bo 
uaad  for  prevention. 
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mtonabilitt  of  mwtioto  or  hxdrazmi, 

HTDRAZtltl  HITJUT*  A  TO  WATXIt 


R.  D.  Dvlggins  and  B.  r.  larriok 
N&val  Ordnanoe  Laboratory,  White  Oak,  Maryland 
Freaented  by  R.  D.  Dvlggins 


.  IHTBODPCTIOg  " 

The  naval  Ordnanoa  Laboratory  was  assigned  tha  tank  of 
investigating  mixtures  of  hydraslne»  bydraslne  nltrata,  and 
vatar  for  usa  as  a  aonopropallant  for  gun*.  Ona  requirement 
for  a  aultabla  propellant  la  that  It  will  not  ba  raadlly 
datonatod.  it  became  naeoaiary,  than,  to  aatabllth  tha 
datonablllty  of  tha  various  compositions  being  oonaldarad. 


Tha  datonablllty  taat  used  vat  darlvad  from  modlflad  gap 
taata  aa  uaad  by  Dr.  Hoonan'i  group  of  our  Bxploalves  Research 
Department.  A  sketch  of  tha  apparatus  is  shown  m  Figure  l, 

A  voodan  stand  having  two  shalvaa  supported  ou  throo  lags  pro¬ 
vides  support  for  tha  test  aasaably,  A  brass  pips  having  a 
.001-lnoh  ooppor  foil  ooldarad  over,  one  and  servos  ai  a  con¬ 
tainer  for  the  solution  to  ba  taatad  and  holds  About  46  oo, 

This  oontalnar  Is  made  from  3-inoh  lengths  of  pint  having  a 
l.lo-lnoh  lnalda  dlnmetor  and  1.50-lnon  outside  diameter.  A 
50-graa  tetryl  pellet,  1  lnoh  high  and  1-5/8  inches  In  diam¬ 
eter,  la  used  to  initiate  tha  taat  solution.  Tha  tatryl  pallet 
la  Initiated  by  an  Engineer's  Speolal  blasting  aap  vhloh  ie 

Sorted  by  tvo  voodon  oyllndera  on  a  traolc.  Figure  2  la  a 
ograph  or  the  apparatus.  A  3/8  x  4  x  4-lnoh  steal  plate 
la  uaad  to  indicate  tha  nature  of  the  explosion. 

in  operation,  tha  tetryl  pallet  la  placed  la  the  aeater 
of  the  bottom  shelf.  The  braaa  tube  Is  inserted  through  a 
anug  hole  in  tha  top  nhelf  and  rests  on  tha  tatryl  pallet. 

A  thin  film  of  aaran  about  .002  lnoh  thlek  la  placed  between 
tha  bottom  of  the  brans  tuba  and  tha  tatryl.  This  film 
extanda  outward  ona  to  tvo  Inohaa,  providing  an  umbrella  to 
doflaot  any  solution  vhloh  might  ba  spilled.  On  tvo  ooeaaions 

Srlor  to  tne  use  of  thla  shield  fires  vara  started,  apparently 
y  oontaot  of  tha  aolutlone  with  tatryl.  The  solution  to  be 
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tested  la  poured  Into  the  tub*  until  level  vith  the  bop  and 
the  ateel  plate  la  then  oentered  on  top  0 f  the  filled  tub#* 


The  toglneer '•  Speolal  detonator  it  posit loped  on  the 
traok  near  the  front  edge,  being  Ineerted  Into  the  voodsn 
cylinders  far  enough  eo  that  It  just  eleare  the  tetryl  pellet . 
vneo  slid  Into  poeltlon.  The  operator  theh  retreat*  rro» the 
barrloade  and/or  neons  of  a  string,  pulle  the  detonator  Into 
poeltlon  under  the  center  of  the  tetryl  pellet*  After  firing* 
the  aotal  plate  le  reoovered  and  tha  extent  of  daeage  noted* 


_ «,  a  hole  le  punched  through  the  eteel 

plate.  Ordinary  exploalona  dont  the  plate  but  do  not  puooh 


If  detonation  ooouni/ 


through  it*  Figure  3  shove,  on  tha  left,  a  plate  after  a  T 
detonation  and,  on  too  right,  when  no  detonation  ooouri.  p 
noat  of  the  vorlc,  if  a  detonation  vat  obtained  on  the  tirrt  _ 
trial,  no  further  trial*  vert  nade*  At  least  three  trials  vere 
nade  if  detonation  did  not  onour* 


gone  comparative  testa  vlth  other  aatsrlals  vers  aads* 
Thee#  results,  are  given  in  Table  1*  glxty-flva  different 
compositions  of  hydraalne,  hydraslne  nitrate,  and  vater  vers 
tested.  These  reiulta  are  presented  graphically  in  Figure  4* 
It  «an  be  seen  that  colutlcna  oontainlng  more  than  about  25# 
hydraslne  nitrate  and  up  to  as  nuoh  as  48jt  vater  oan  bs 
detonated. 
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DISCUSSION  ON  PAPERS  BY  . 

MR.  J.  E.  TROIAN  AND  NR.  R.  D.  DVIG01N8 


DR.  V,  E.  XAVSON  (B.  I.  du  Pont  do  Nsmoure  4  Co..  Ino.)i 
I  wondered  whether  (  10-gran  primer  would  bo  suitable.  This  it 
a  rather  common  primer. 

NR.  DWIOOlNSi  V*  hare  never  made  any  teste  vlth  any  othwr 
charge  than  the  5Q-graa  tetryl  pellet. 

HR.  RYKKRi  In  this  sane  oonneotlon,  ve  are  undertaking 
a  further  evaluation  of  this  same  system  using  a  No.  8  blasting 
oar  as  our  initiating  source. 

Sons  of  the  preliminary  experiments  that  ve  have  made  thus 
far  lndls&te  that  the  envelope  of  detoneblllty  for  a  No.  8  blast¬ 
ing  oap  lo  much  closer  to  the  hyd ranine  ultrate  vertex  than 
these  data  might  suggest. 

In  other  vorde,  I  wanted  to  point  out  to  the  group  that 
this. la  really  a  severs  test  the  NOL  people  have  applied  to 
ths  solutions.  I  think  it  is  valuable  information  bun  from 
the  standpoint  of  handling,  storage,  and  use.  a  great  deal 
of  energy  la  being  put  in  thoae  aolutlons.  .Ve  are  going  to 
extend  this  work  by  finding  out  how  sensitive  these  solutions 
are  to  a  small  amount  of  energy,  for  example,  a  No.  8  oap. 

DR.  EUGENE  HILLER  (Redstone  Arsenal):  rorhaps  a  more 
reasonable  and  practical  dotonabllity  test  would  be  the  use  of 
bullots.  prom  the  Army  Ordnance  viewpoint,  this  is  the  primary 
worry, 

NR,  DWIQGXN3:  I  might  say  that  we  Intend  to  extend  this 
test  to  determine  the  sensitivity  of  detonation  of  these 
mixtures  by  plaolug  plustlo  sheets  between  the  booster  charge 
and  the  tube  and  piaoing, onough  shoots  so  wo  do  not  get 
detonation.  I  think  we  oo'n  evaluate  those  mixtures  aooordlag 
to  the  gap  that  vs  put  in.  When  vs  do  that  I  think  ve  will 
have  considerably  more  useful  information. 

MR.  PAUL  M.  OftDIN  (nA0A,  LFPL,  Cleveland)  i  We  ran  a 
number  of  toets  using  both  the  No.  6  and  No.  8  dynamite  oap 
with  commercial  anhydrous  hydrasine.  When  the  oap  was  Immersed • 
in  the  liquid,  we  did  not  get  a  dotonationj  hovovor.  with  the 
dynamite  oap  plaoed  above  tho  liquid  ve  always  got  detonation. 
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SR,  A.  M.  BALL  (Hercules  Poydar  Co.)«  Detonation  of 
the  entire  —  ; 

KR.  ORDINi  No,  only  the  liquid  phase. 

SR.  BALLi  X  vould  Ilka  to  point  out  the  question  of 
detonabillty  l»  lar&al7  a  fuaotloa  of  confinement.  for  example, 

X  night  mention  that  va  ota  reliably  datoaato  dinitrotoluena 
with  a  Ro.  6  cap  under  aultabla  confinement,  la  rhjning  taata 
of  thla  kind  X  certainly  raooBaaad  that  you  keep  track  of  hov 
muoh  confinement  you  hate. 

SR,  LEWIS i  X  feel  va  must  guard  agalnat  oonfuslon  of  the 
tera  "detonation.  The  ooeurraaae  of  detonation, la  aot  aaaaaaed 
bj  the  loudnoia  or  sfcorpness  of  an  explosive  report.  A  naterial 
vlll  support  a  dotonatlon  wave  if  suo-h  a  vate,  vhloh  travels  vlth 
a  high  and  constant  voloolty  characteristic  of  the  Material,  la 
able  to  propagate  through  a  long  column  of  the  material,  in 
the  oaae  of  anhydrous  hydraalne  Initiation  vlth  aa  muoh  aa  50 
ga4  of  tetryl  tit  one  end  of  a  meter  ooluan  of  the  liquid  fella  to 
initiate  a  dotonatlon  wave  that  travels  throughout  tho  ooluan. 
Under  the  lnfluonoe  of  the  initiator  the  hydrar-lna  daooopoaea 
with  evolution  of  heat  in  the  region  uf  the  Initiator.  The 
amount  of  hydraalne  so  affeotod  la  proportional  to  tha  also 
and  strength  of  the  Initiator. 

KR,  CAMPBELL!  I  would  like  to  say  that  at  the  naval 
Ofdnenoe  Tost  Station  ve  found  that  balllatlte  vhen  oontaoted 
vlth  hydraalne  developed  a  very  good  fire  vlth  hydraalne  vithln 
SO  aeoonda. 

SR,  NOONAN i  X  vould  like  to  point  out  that  In  applying 
auoh  a  sensitivity  teat,  undar  conditions  of  variable  humidity, 
it  is  rather  essential  to  use  plastla  cards  of  some  sort  rather 
than  paper.  Paper  vlll  plok  up  aa  muoh  aa  10  or  even  25  per  oent 
moisture,  and  vlll  make  a  different  type  of  barrier. 

Tho  other  thing  to  remoaber  is  to  measure  temperature 
beaauee  some  things,  particularly  nltromethane,  are  temperature 
uensltlve.  Thla  la  something  you  also  vant  to  knov  If  you  are 
going  to  use  these  liquids  for  regenerative  ooollng. 

in  the  case  of  nltroaotbane,  the  50  per  oent  point  le 
about  tventy  oarde  (vhleh  are  ten  thousandths  of  an  lnoh  thlok), 
at  20  degrees  Centigrade,  and  It  goes  up  to  about  fifty  aards 
at  about  80  degrees  Centigrade.  So  you  can  aee  It  la  rather 
Important  to  measure  temperature. 
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TBS  CHAIRMAN t  Any  further  dlsousaiont 

DR.  QAifTZi  2  would  like  to  ask  Dr.  Bailer  about  the 
oell  you  used  for  vapor  detection  of  hydraalne.  That  1>  aet 
up  aomevhere  In  the  laboratory? 

DR.  HALLER i  Oh.  yea.  It  la  preferable,  of  course,  If 
you  want  to  aeaaura  the  concentration  in  the  air.  to  have  • 
fan  or  something  circulating  ’.he  air  near  it.  if  you  have 
oiroulating  air  and  have  a  particularly  sensitive  instrument 
you  oan  take  the  atopper  out  of  the  bottle  in  tha  oppoaite 
oorner  and  it  will  deteot  it  over  in  the  other  aide  of  the  rooa. 

2  would  like  to  point  out  in  connection  with  Mr.  Troyan '■ 
paper  that  one  very  rapidly  beooaea  aoouatoaed  to  the  odor  of 
hydraalne.  Ve  have  notlood  this  very  frequently,  and  the  odor 
of  hydraalne  ought  not  to  be  relied  on  at  a  protection.  Alao, 
hydraalne  la  quite  a  good  solvent  for  oolldlfied  paint.  Uhleaa 
there  in  adequate  dlsilpatlon  of  heat,  hydraalne  oosea  out 
through  a  pipe  Joint  or  something  lika  that.  Since  there  ie 
a  painted  surfaoe  on  the  pipe  under  the  inflation  thle  uort 
of  thing. oan  raiae  the  temperature*  to  the  point  where  you 
oan  get  ignition. 

NR,  JOHN  HOEBLL  (Guggenheim  Bros . ) i  Mr.  Troyan,  you 
mentioned  a  number,  of  what  seen)  to  be,  auitable  materials 
of  oonatruotlpn  for  hydraalne.  have  you  oonaldored  substituting 
aluminum  for  atalnleae  ateel  in  your  planter 

MR.  TROYANi  We  have  oonaldered  it,  but  ve  feel  that 
our  aoveral  yeara  experience  with  atalnleae  etoel  vaa  one 
deflnlto  thing,  we  wanted  to  try  out  aluminum  on  a  amallar 
soale  initially  before  ve  thought  about  putting  it  in  to  any 
large  extent. 

MR,  V,  R,  BOHUBTTSt  At  the  Naval  Proving  Qround  va  did 
uome  work  on  liquid  propellonta,  i.e,,  hyd.raaino-hydraaine 
nitrate-vater  for  40  mo.  gun  application.  The  decomposition 
of  this  propellant  vaa  apparently  prosauro  aencltlve.  Using 
a  standard  40  mm,  primor  containing  60  graine  of  blank  powder, 
wa  were  unable  to  initiate  ignition  when  the  oaae  van  50  per 
oent  full,  vhoroae  ignition  oould  be  initiated  if  the  volume 
of  tho  oaae  vaa  reduoed  with  paraffin  and  beeswax  ao  that  the 
oaae  vaa  90  per  cant  full. 
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THE  REACTIONS  0?  HYDRA?.  I  ITS  AND  SYMMETRICAL  DIMETHYL 
HYDRAZINE  WITH  DIBORA  NB  AND  WITH  TRIMSTHYLBORON 

"by  . 


H.  Z.  Sohleelnaer  and  Martin  j. i Sfealndler 
The  Univerulty  of  Chicago 
Rreesnted  by  Martin  J.  Stalndlor 


Our  projeot  at  tbs  University  of  Chicago  hair  a*  lt«  objeo- 
tlvea  tha  study  nf  the  ohemioai  properties  of  varloua  type* of 
.  hydrides,  particularly  the  hydrides  of  boron  and  related  uom- 

?ounda.  The  study  of  tha  behavior  of  hydrftjslne  toward  dlbornno 
a  a  part  of  our  program  but ,  aa  la  true  of  auoh  of  our  work. 

It  was  not  undertaken  with  any  speolflo  application  In  mind. 

To  lndloate  why  vs  undertook  thle  study,  attention  la 
called  to  tha  fact  that  dlborane,  BgHg,  behaves  In  many  of  lta 
reaotlona  as  If  it  oonalsbs  of  two  borlne  groups,  BHa.  Aa  la 
shown  in  tha  first  slide, 

H 

’  4  • 

1/0  BgHg  f±  H  I  B  i  H 

these  groupa  lack  an  electron  pair  and  consequently  behave  as 
Lewie  acids.  Aa  a  result  of  this  property  dlborane  reacts  with 
ammonia  derivatives  to  fora  acid-base  edduots  such  as  trlmethyl- 
•  aalneborlne,  (0H3)3NiBH3. 

l/a  BgHg  +  (OH3)3H  — a  (0H3)3NiBH3 

1/a  BgHg  4  (OHj)gHN— ►  (0H3)aHN«B^ 

l/fc  BgHg  +  (CHjjHgN  — *-  (0H3)H2NiBH3 


This  oompoued  Is  so  stable  that  it  may  bo  heated  to  4oo°C  with¬ 
out  uuoh  decomposition.  If  one  or. more  of  the  methyl  groups 
Is  replaoad  by  hydrogen  atoms,  the  edduots  lose  hydrogen  fairly 
readily.  This  loss  frequently- oocura  in  two  steps.  The  first 
of  these  leads  to  the  formation  of  amlnoborlnes  as  shown  la 


the  elide. 


i  ■ 


(OHj )»2Ki»H3  — +  pH3  jHSBHgJ  ^(CBj )JfBaj^ 

Attention  Is  called  to  the  fact  that  the  original  adduote  ara 
named  amine  borlnos,  vhereaa  the  produote  resulting  from  the 
l&ltlaT"T.oaa"'ofp‘hydrogen  are  known  as  amlnoborlnes .  At  higher 
temperatures  a  second  mole  of  hydvogon"or  ’a~~moio  of  methane  aay 
be  lost.  The  amlnob.orinea  may  be  obtained  as  monomers  or  aa 
dlmora  but  the  produote  resulting  from  further  pyrolysis  almost 
always  trim  erne  to  form  derivative!  of  bor stole. 


Borasola 

The  work'  to  he  reported  today  vai  undertaken  to  aeoertaia 
what  would  be  the  obnraoter  of  the  products  of  reaction  of  dt- 
borane  with  subutanooa  containing  more  than  one  nitrogen  atoa 
per  molecule,  and  what  would  be  the  nature  of  the  pyrolyeie 
products.  Compounds  under  oonnideratiou  for  this  study  Include 
polyamides  as  well  As  hydrasloo  and  Its  derivative*.  This 
paper  will  deal  only  with  the  latter  compounds. 

Ve  have  thus  far  studied  the  behavior  of  hydraslne  and 
symmetrical  dlniothylhydrasino  toward  dlborane.  Both  hydraalnes 
fora  lit  adducts  which  are  white,  crystalline  eolld»  of  slight 
or  no  volatility.  When  hydrolyaod,  they  yield  hrlrogen  and 
borlo  told  and,  wtvit  is  more  Important,  regenerate  the  original 
hydras In e  from  whloh  they  were  obtained.  In  othir  words  the 
nitrogen-nitrogen  bond  la  not  brofcon  In  the  formation  of  the 
adduota.  for  this  reason  and  by  analogy  to  the  corresponding 
amino  derivatives  It  seems  appropriate  to  assign  to  the  hydra- 
alno  adducts  the  formulae  shown  in  the  next  elide. 

HjBtMHgNH^BHj  HjBiNHfOH^HlUCBg)  iBBj 

"hydraslne  bio  borlne"  "sjm-dlmethylhydraelne  bis  borlna" 

Both  oompoundn  loss  hydrogen  when  heated.  The  following 
elides  show  that  a  marked  aeorease  In  the  rate  of  hydrogen 
evolution  oeoure  when  one  mole  of  hydrogen  per  gram  atomlo 
weight  of  nitrogen  has  been  lost. 
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This  behavior  la  entirely  analogous  to  that  of  tha  amine  borlnee. 


Tha  pyrolysis  product  of  the  simple  hydraalne  adduot  la  a 
non-volatile  aolld  whose  homogeneity  naa  not  yet  bees  established. 
It  hse,  for  thla  reason,  not  been  furthor  studied  except  to  ahoy 
that  when  It  la  heated  to  400°0  an  additional  Dole  of  hydrogen 
par  nole  of  adduot  la  lost  and  that  tha  aolld  ao  obtained  still 
ylelda  hydraalne  when  treated  vlth  vatar. 


fyrolyal*  of  tha  dlmetbylhydraslne  adduot.  on  tha  othar 
hand,  produoaa  a  liquid  vhlon  ha*  baan  purified  by  fraotlonatloa 
and  naa  a  vapor  density  corresponding  to  a  molecular  weight  of 
82,  Thla  aoleoular  weight  la  oonalatant  vlth  tha  assumption 
that  tha  liquid  la  dlmethyihydraalno-iblsj-borlnt. 


HaBN(OH3)fl(OH3)BKe+  fc  Hg 


liquid 


Further  evidence  for  this  aaauaptlon  la  found  in  tha  atolohloaetry 
or  tha  roaotlon  and  in  the  faot  that  tha  nitrogen -ultrogwn  bond 
In  t.:e  analogous  compound  obtained  froa  tha  unsubatltutad  hydra- 
alna  la  not  broken  even  at  40090.  The  first  compound  ahova  la 
indicated  aa  a  polymer  in  vlav  of  lta  laok  of  volatility!  the 
latter  probably  undergoes  polymer liat ion  whan  heated  at  about 
6o°o  for  prolongod  poriods  alnoa  a  solid  la  alowly  formed  without 
the  generation  of  either  hydrogen ,  nitrogen  or  methane. 


The  formation  of  the  original  adduota  van  earrled  out  at 
~80°0  In  diethyl  ether  solution  with  atriotly  anhydrous  materials 
and  in  tho  absonoo  of  air  And  molature.  Both  compounds  ara  white 
solids ,  stable  at  room  temperature  and  not  vary  reaotlve  toward 
tydr»alnw  adduot  la  obtained  aa  a  fluffy  powder,  tha 
dlmethylhydraalno  adduot  aa  vail  defined  oryatala.  Both  ara 
soluble  in  diethyl  ether  and  vara  purified  by  nryatalllaatloa 
from  thla  aolvant.  The  simple  hydraalne  adduot  la  also  soluble 
In  hydraalne  hut  net  In  bensene* 


The  unsubstituted  hydraalne  adduot,  though  not  spontaneously 
Inflammable  in  air,  burns  vigorously  whan  ignited,  it  reaota 
moderately  slowly  with  water  and  muoh  more  rapidly  with  dilute 
aoids.  The  noxt  elide  shows  that  trlmethylamlna  displaces 
hydraalne  from  lta  adduot  and  lndioatea  lta  reaotlon  vlth  methyl 
aloohol  and  water. 
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IgVVe*  *  (083)38 -e82H4  +  8  (0Bj)j1I»8Bj  . 

l»2H4.B2a6  +  6  OBjOB— *KCH4  +  6  Hg  +  8  (CBjOjjB 

ItgH^.BgHfi  +  6  B20  — » NgH*  +  6  Eg  +  8  B(OH)3 

The  latter  reeotloo  vaa  used  la  the  analysis.  Those  results  are 
shews  la  the  following  elide, 

ANALYSIS  OF  NgHg'Sj^g 

sample  weight  0,0780  g . 

Calculated  for 

B  36.15*,  »aH4  3J.39X,  0  10.18* 

Found 

8  36,88*,  53.3W*  8  10. 1C* 

The  proportles  of  the  dimethylhydraalBe  adduot  ere,  ao 
far  aa  determined,  nueh  like  those  or  the  unauhatltuted  hydra- 
alne  edduot.  The  ohlef  except loo,  ea  hea  already  been  pointed 
out,  la  the  formation  of  a  volatile  liquid  pyrolyala  produot 
rather  than  a  non-volatile  solid,  Ve  have  not  yet  completed  ' 
the  quantitative  analyala  of  the  adduot  beoauee  ve  have  not 
yet  found  a  aatlnfaotory  quantitative  method  for  the  determina¬ 
tion  of  diaefchylhydraalns  in  lta  hydrolysate.  Ve  have,  however, 
demonstrated  that  treatment  of  the  eolla  with  801  In  methanol 
produoer  the  dlhydroohlorlde  of  oymmetrloal  dlmethylhydraalne. 
Further,  the  atomic  ratio  of  hydrogen  to  boron  in  the  oompound 
la  3<1  aa  demanded  by  the  proposed  formula.  The  following 
properties  have  boon  ewt?0ul;>h*d  for  the  liquid  pyrolyala 
produot  of  the  dlmetaylhiidraaina  adduot, 

Propertleeof  *2(083)2(88^2 
m.p,  -0.4°0  b.p.  (extrap,)  13&.8°0 
vaper  teualone  log|0fM  a  7. 8005  -  8087/T 
molecular  weight  at  38.4°0  "88 

In  addition  to  the  atudy  of  the  reaotlon  of  bydraalne 
and  diborane,  ve  have  begun  aa  investigation  of  the  reaction 
of  hydras In a  and  trimethyl  boron,  Ve  nave  found  that  tvo 
aolea  of  trlaethyl  boron  reeot  vlth  one  of  hydraaine  at  -80B0# 
Thia  adduot  appears  to  undergo  reversible  dlaaoolatlon  above 
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-30°0.  Fyrolyele  *6  teoparaturoi  above  C00°0  la  the  preienoe 
of  oxoaie  trlaethylboron  produo  as  methane,  but  ve  have  not  yat 
aaoartalned  whether  this  reaotion  can  ba  oarrlad  out  under  ooa- 
dltlona  sueh  that  the  hydraaine  la  not  simultaneously  decomposed. 
Vo  plan  to  atudy  other  Paaotiona  of  the  types  vhloh  navo  been 
mentioned  and  to  extend  our  aearoh  for  polyaario  boron-nitrogen- 
hydrogen  containing  oompounde. 
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3  February  1933 

CHAIRMAN)  MR,  A,  J.  NERAD 

OENERAL  ELECTRIC  COMPANY 

THE  CHAIRMAN!  We  are  nov  turning  to  tbo  fifth  part  of 
the  program,  that  of  application* ,  Before  v.»  get  going,  I 
would  like  to  a*k  how  many  here  aro  unacquainted  with  eon* • 
of  the  torn*  that  are  used,  euch  a*  epaolflo  lmpulee  or  C*t 

fov  many  would  like  an  explanation T  Rale*  your  hand  a, 
Several  hand a  were  raliM,) 

V*  have  the  expert  hera.  Let'*  take  a  few  minutes  off 
and  would  you,  Ed,  Juet  go  through  thief 

DR,  K,  a,  SEYMOUR  (Offlo*  of  Naval  Reeearohh  Z  think 
T  can  explain  It  briefly,  , 


Rockets,  a*  you  know,  are  rated  by  thrust  or  the  amount 
of  puah  developed,  if  you  atium*  the  optimum  expansion  ratio, 
vhloh  la  expansion  to  ambient  presuure,  you  aan  eliminate 
precaure  offootn  and  figure  thrust  on  the  bails  of  momentum 
ohange  by  multiplying  total  propellant  flaw  by  the  exhauat 
velocity  of  the  gases  leaving  the  motor,  Thin  would  be  a  true 
velocity  then. 


Th*  Impuloe  la  what  v#  obtain  If  we  multiply  a  force  by 
the  time  in  vhloh  it  eat*  and,  therefore,  on  a  rocket  total 
impulse  meant)  the  time  over  vhloh  th*  thrunt  le  exerted.  If 
we  divide  total  Impulse  by  the  weight  of  the  propellante  a  on* 
tiumeu  during  that  period  w*  oome  out  with  lmpulee  per  pound  of 
propellant.  This  la  the  so-called  speolflo  lmpulee  vhloh 
appoare  in  the  unite  of  pounds/seoona/pound  or  le  sometimes 
referred  to  a*  seoonds. 


y««  o*n  this  by  dividing  the  total  lmpulee  by 
the  total  weight  consumed,  or  divide  the  thrust  by  the  rate 
or  flow  of  the  propellant.  if  you  compute  tho  speolflo  lmpulee 
theoretically  on  the  bails  of  tno  perfect  gas  lave  and  th* 
oon«trvAtlon  of  enwgy  and  momtutuxa,  you  oono  up  with  ad 
expression  of  vhloh  the  significant  part  la  th*  *quar*  root  of 
a  term  containing  an  expansion  faotor  and  th*  ratio  of  th* 
oorabuotlon  ohamber  temperature  to  the  average  moleoular  weight 
of  the  exhauet  produot,  That  le  the  significant  part  of  th* 
expression,  it  telle  you  what  you  want  In  a  system  Ilk#  this 
1*  a#  high  a  combustion  ohamber  temperature  as  your  propellant 
will  provide  and  your  material*  will  stand  and  a*  low  an  average 
moleoular  weight  of  your  exhaust  produot  a*  you  can  get  m  the 
exhaust  gases,  ‘  " 
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vu  or  xxmuxxxx  pwmfrra  as  ham 
d  snoxb  DsiMMAMts  is  ntora&uars 


Sulil  li  Murphy  and  ;hi  f.  Hoard 
Moatlnoy  AraOMl,  DotOT,  I.  3. 
ttiautU  hr  Datl#!*.  Murphy 


Dooplto  OIMfm  NMufUH,  Ml  petition  If  I  |U  11 
Unodlatoly  rtmM  by  tha  ueki  aad  ruth  wMMM  vhaa  th# 
|u  la  flood.  Aa  a  raauUi  Du  problw  of  ollalaatloa  at 
aaaka  ui  flaah  naatki  SunU|  or  *  prdpollaat  tea  attrattod 


. _  _ _ _  „  _  ,jwpou 

tho  tntovoot  of  wpioaltoa  itealita  for  ten 
laag  Son  vaallaad.  from  thaoratiaal  oaleuXatiom,  tmi  wa 
prohlaa  oould  ho  oolrad  hr  laaororatiag  lato  tho  propollaat, 
■ubatuoaa  oapablo  of  PtMuaiag  A  largo  uaauot  af  gaa  at  loo 
tateparatura  nu  buraad,  Ooaaoaado  hit lag  la  tha  oolaaula 
a  largo  aaouut  of  altrogaa  vhiah  wool#  ho  raloaaoi  aa  a«oh 
upon  Jaooapoattloa,  would  ha  anaatad  to  parfota  thla  fuaotioa. 
Soah  additlraa  hr  lovorlug  tho  huraiof  taar  ratura  of  tho 
uld  aUo  prolong  tho  Ufa  of  “ 


propaUant  ahoul 


tho  gw. 


Thla  papar  vill  dlaouaa  tho  haala  roauiroowla  of  auah 
oonowda  tod  tho  work  doao  by  float  laay  Araaoalaod  aaoaaiatod 
ooatraotora  oa  tho  pvaparatlM  aad  ataluatiaa  of  hywaitao 
dorivatlroa  aa  htgh-aitrogao  propollaat  add it it oa.  Althoogh 
a at oval  of  thaoa  aoanouada  bata  boon  found  to  poaaoad  tho 
doairod  oharaotorlatioa.  tholr  uao  oa  a  practical  aoalo  dopoodo 
oltUtetoly  upon  tho  atailahility  of  hydrailao. 

a  a  a 

Dooplto  oaroful  aaaouflago  tho  poiitloa  of  a  gw  la 
iwodiatoly  rotaalod  hr  tho  aawka  and  flaah  oradueod  itea  it 
la  flrod.  for  thla  raaaoo,  it  haa  baas  tha  daaira  af  axplaatoaa 
ahaulata  for  a  good  mar  yoaro  to  find  a  teowa  of  oiioiaatioc 
or  roduoiag  thaao  aoooadapy  offoota.  Tha  flrat  atap  la  thla 

— -  — - *  - -  vith  oo-otllod 

ni  aooa  mllaad 
but loo  of  vhlta  for 
dooroaoo  in  tho  aoouot 

ata 
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of  flash.  Attempts  to  reduoe  ttao  Math  by  add  lot  e  art  a  In  salts, 
■uoh  aa  potaaalua  ohloride.  potassium  sulfate  and  potessluv 
hydrogen  tartrate  vara  at  laaat  partially  auooeseful,  but  tbaaa 
bad  the  aarieua  disadvantage  of  produolag  largo  quantities  of 

■■oka. 

By  empirical  methods,  Incorporation  of  nltroguaoldlno  la 
a  propellant  bad  alio  boon  found  to  materially  reduoe  smoko  asd 
flash,  but  lto  use  la  accompanied  by  deloterloua  changes  la  the 
pbyaloal  and  ohataloal  properties  of  the  propellant  during  storage, 
oiooe  a  larga  proportion  of  tbla  additive  oust  ba  used  to  glfm  . 
the  dealred  results,  Never the leas,  tbla  compound  vaa  employed 
In  atandard  British  compositions  during  t ha  last  var. 

la  tba  United  States,  until  1931,  oompouada  suoh  aa  dlbutyl- ' 

Shthalate  and  methylhexalin  vara  used  as  flash  reducing  agents, 
ut  tbaaa  bad  tba  tendency  to  increase  the  smoke  of  tko  burning 
propellant. 

in  a  memorandum  dated  October  93,  193'.  to  the  Commanding 
Offloer  of  Moablnny  Arsenal,  Dr.  George  o.  Bale,  Chief  of  the 
Ohemloal  Department,  first  suggested  the  uso  of  ooapounde  sueh 
as  melamine,  guanidine  curbouate  and  guanidine  nitrate,  on  tba 
theory  that  these  substanoea  because  of  thoiv  high  nitrogen 
oontent  and  relatively  low  pnroentage  of  carbon,  would  servo  bo 
reduoe  flash  without  increasing  the  quantity  of  smoke. 

The  flash  from  a  gun  eaa  be  oonaidered  aa  resulting  from 
the  rapid  oxidation  of  hot  combustible  muaale  gasee  upon  roaohlag 
the  atmosphere.  Smoke,  on  the  other  hand,  la  caused  ny  the 
presence  In  the  muaale  gases  of  solid  partlolee,  vhloh  My  be,  1 
for  example,  Inorganic  salts,  ln,rt  material  or  products  of 
partita  ooiubuetlon.  it  follows  that.  In  order  to  dlaporee  the  • 
amoks,  dissipate  the  heat,  and  reduce  the  likelihood  of  ignition 
of  the  oombuutlble  muaale  gaeoa,  the  substance  to  be  added  to 
the  propellant  should,  upon  burning,  yield  a  large  volume  of 
gasooua  produota  at  lov  temperature.  ,  "> 

The  relative  foroe  (P)  of  a  propellant  le  a  measure  of  Its 
balllatlo  potential  end  le  defined  by  the  equation  f  m  Ml* 
vhoro  n  le  the  number  of  noise  of  gaa  produoed  per  gram  of 
propellant  burned,  R  le  the  usual  gaa  oonetant,  equal  to  1.9®T 
oalorles,  and  T  la  the  adlabatlo  flame  temperature.  It  eaa  b# 
seen  from  thle  equation  that  addition  of  a  subetanoe  vhloh 
lovers  the  flame  temperature  vlU  be  aoooapanied  by  a  decrease 
in  the  propellant's  oalllitlo  potential,  unless  the  value  of 
a  le  correspondingly  moreased.  Obviously,  them,  tor  optimum 
effect,  a  flash  reducing  agent  should  produoe,  on  burning,  the 
largest  number  of  uolos  of  low  molecular  weight  gas  possible  per 
grata  of  propellant  aonauued.  Aa  advantage  of  a  lov  flame 
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temperature  vlll  be  an  increase  lo  the  Ilf*  or  tha  gun  barrel. 

Prom  tlia  above  oons lderatlDns ,  a  compound  containing  la  the 
molecule  large  number*  of  nitrogen  atoms  which  would  ba  released 
as  such  upon  decomposition,  should  ba  expected  to  have  the 
desired  characteristics  of  a  flash  reducing  agent.  These  com¬ 
pounds  should  also  serve  to  reduce  smoke  formation  since  they 
contain  a  relatively  small  percentage!  or  carbon,  and  at  tha 
same  time,  the  large  velum*  ef  gas  Which  they  produce  will 
greatly' dilute,  and  aid  in  dissipating  any  smoke  formed  by  the 
othar  ingredients  of  the  propellant. 

Ac  early  at  1 93B ,  several  nltramlnee  and  nltrosaminss  had  been 
lnveatlgated  at  Ploaclnny  Arsenal  at  possible  flash-reducing 
agenti,  but  ell  vers  found  unsatisfactory  because  of  poor 
stability  or  low  nitrogen  content,  Tb*  first  experimental  high- 
nitrogen  .oompound  to  undergo  firing  teste  at  Float, Inny  Arsenal 
was  dloyondlemlde.  The  method  used  at  a  preliminary  test  con¬ 
sisted  or  replacing  a  part  of  the  standard  charge  of  .50 
Galibor  1MH  Propellant  with  the  test  material.  Tha  round  was 
a  i?  a  ambled,,  shaken  to  mix  the  propellant  and  teat  material  i 

uniformly  and  fired.  Addition  of  15$  dicyandiamlde  to  the  l 

propellant  resulted  in  reducing  the  intensity  of  the  flash  to 
about  3/3  that  of  a  standard  charge.  Increasing  the  proportion 
of  additive  to  Pojl  reduced  the  flash  to  a  trace. 


Although  the  desired  effect  upon  the  flash  vas  Achieved, 
this  additive  had  a  serious  drawback  In  that  the  relative  force 
(?)  vae  roduoed  in  proportion  to  the  amount  of  dicyandiamlde  added. 
In  other  words,  the  dicyandiamlde  was  acting  assent tally  a*  an 
Inert  material.  At  any  rate,  the  common  characteristic  of  high 
nitrogen  oontent  In  nitroguanldlne  (53.8$)  and  dlcyandiamid* 

(66.7$)  lent  support  to  the  belief  that  addition  or  compound* 
with  this  characteristic  to  propellants  would  reoult  in  a  roduation 
of  flash.  This,  suggested  that'  tha  investigation  ba  extended  to 
other  similar  substances. 


About  19'i3,  Captain  L,  F.  Audrlefch,  as  officer  m  onarga  of 
tha  Research  Division,  vis  initruusnfcal  In  dlreotir*  attention 
to  the  possible  usefulness  of  hydraslne  derivatives  for  this 
purpose,  Under  a  oontraot  with  Pioatlnny  Ars'inal,  oertaln 
selected  compounds  were  prepared  at  the  Polyt'iohnlo  institute 
of  Brooklyn  under  the  direction  of  Profesoor  <1.  B.  L.  Smith.  In 
addition  to  those  prepared  by  Professor  Smith  two  other  oompounde, 
o yon uric  hydra side  and  guanidine  perohlorate  rare  prepared  at 
Ploatlnny  Arsenal.  The  explosive  and  stablil-  y  oharaoteMstloe 
of  these  compounds  vers  determined  in  addition  to  their  physical 
properties. 
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Table  I  above  that  within  a  given  homologous  series, 
progressive  substitution  of  hydrazine  groups  for  amine  and  lain* 
radicals  in  guanidine  results  In  an  inorease  In  brieanoe  and 
sensitivity  to  impact.  The  stability  of  these  carbonic  acid 
derivatives  does  not  appear  to  be  affeoted  by  the  presenoe  of 
.hydrazine  radloals,  but  it  does  Increase  qualitatively  with 
Increased  melting  point  {Table  II), 

F.  R.  Benson  In  a  technical  report  dated  19H,  suggested  that 
the  observed  increase  In  lmpaot  sensitivity  with  Increasing  Intro¬ 
duction  of  hydrazine  groups  may  be  due  to  the  presence  of  a 
nitrogen  to  nitrogen  bond  In  oaoh  such  group.  A  similar  situation 
Involving  the  nltramlne  bather  than  the  hydrazine  radical  Is  found 
In  the  case  of  guanidine  nitrate  and  nltroguanidine.  Here  again, 
formation  of  an  N-N  covalent  bond  lnoreases  the  sensitivity  to 
lmpaot. 

In  order  for  any  one  of  these  compounds  to  be  considered  as 
a  possible  flash  reduolng  agent,  it  must  not  r>nly  have  a  high 
nitrogen  content,  but  muot  also  satisfy  the  requirements  for  pro¬ 
pellant  ingrodlentn.  Tnoue  latter  requirements  aro  that  the 
compound  must  be  stable  at  100C0,  not  render  nitrocellulose  un¬ 
stable  when  mixed  with  It,  bo  non-hygrooooplo  and  not  appreciably 
water-soluble  and  have  an  auoeptable  lmpaot  sensitivity, 

A  large  number  of  those  carbonic  acid  derivatives  were 
ollmiuated  from  consideration  because  of  thuir  solubility  in 
water,  low  nitrogen  aoutent  or  both,  For  example,  dl-  and  tri- 
amluogumudlno  nitratou  are  v oth  too  ooluble  In  water.  Their 
piorates,  on  the  other  hand,  although  sufficiently  Insoluble, 
wore  considered  to  oontain  too  little  nitrogen.  It  ohould  be 
pointed  out,  howevor,  that  many  of  thesa  compounds ,  although  not 
suitable  as  flaoh  reducing  agents  have  ohovn  interesting 
potentialities  as  high  explosives.  For  example,  triauino  guani¬ 
dine  nitrate  Is  clone  to  RDX  in  power.  It  might  also  be 
worthwhile  to  reexamine  oertain  of  these  compounds  in  the  light 
of  present  experience  since  thoir  water  solubility  may  no  longer 
be  a  orlterlcw  for  their  acceptability. 

Of  the  remaining  compounds,  two,  cyan uric  hydraslde  and 
5-&mlnotetrazolo  wore  onDsidered  of  greatest  Interest  beoauee  of 
thoir  high  nitrogen  oontont,  (73.6^  and  82. 3#  respectively), 
stability  and  relative  Insensitivity  to  lmpaot.  When  these  sub¬ 
stances  wore  tested  as  flash  reduolng  agents  it  was  found 
necessary  to  use  them  In  about  the  s-ms  proportions  as  dloyandl- 
amlde,  that  Is,  approximately  20^  of  the  weight  of  the  propellant. 
In  ordor  to  reduoe  the  flAsh  to  a  traoe.  Unlllce  dlcyandlamide, 
however,  oyanurlc  hydraslde  and  3-aminotetrasole  did  not  aot  as 
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Malaaina,  vtoiafc  it  a  oyoUo  it»iaw  of  aranaalda  tea  boon 
oonaldorad  aa  a  propalUat  addltlva.  hr  al lalna*?  trial*  lad 1 tat ad 
ttat  it  not  tha  raqalraawsta  of  a  fiaah  roduolag  agant.  but  tha 
Incorporation  of  aoUaloo  la  propollaata  was  found  to  d  aorta  it 
thalr  rata  of  burning  than  ooaparad  vitb  nltroguanidlv  prppnUaata. 
Tbla  raaulta,  In  aaa?  oaaai,  in  laooaploto  aoabuatloa  and  tha 
foraatlon  of  largo  aaouata  of  aaoka. 
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Up  to  thli  point,  the  work  oarried  out  under  the  sponsorship 
of  Picatlnny  Arsenal,  In  addition  to  yielding  several  Dev  compound* 
of  Interest  had  confirmed  the  original  concept  of  the  function  of 
a  flash-reducing  agent  and  the  value  of  hlgh-nltrogen  content 
compounds  for  this  purpose.  Of  these,  the  derivatives  of  hydraslne 
vhloh  include  the  tetrasoles  are  of  the  greatest  interest. 

In  1949.,  the  first  of  sevorai  contracts  having  for  their 
purpose  the  study  of  compounds  of  high  nitrogen  content  as 
potential  flash-reduaing  agents,  vas  entered  Into  between  Pleat lnny 
Arsenal  and  profaacor  Audrleth  of  the  University  of  Illinois. 

Under  these -contracts,  a  largs  number  of  hydraslno  derivative* 
have  been  prepared,  several  of  vhloh.  for  example,  cSrbohydraslde-  - 
N-oarboxyamlde,  oarboliydras  Id e-W,H'  --a ioarboxyamld •  and  ureldo  tetra- 
*ole,  offer  considerable  promise.  Other  compounds  prepared  at  the 
University  of  UllnoVs,  such  ss  hydrazine  derivatives  of  thlo- 
oarbonlo  add  are  not  being  further  evaluated.  A  ready  souroe  of 
hydraslne  should  Improve  the  availability  of  high-nitrogen  flaeh 
and  smoke  reducing  Agents.  For  this  reason,  In  July  1952,  at  the 
request  of  Floatlnny  Arsenal,  and  under  the  sponsorship  of  the 
Offloo  of  Ordnance  Reaearah,  ar  investigation  of  possible  nev 
routes  for  the  synthesis  of  hydraslne  has  been  Initiated  at  tha 
University  of  Illinois  under  the  supervision  of  Professor  Audrleth, 
but  It  la  yot  too  early  to  reporfat  this  time. 
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PRELIMINARY  STUDIES  OP  HYDRA2IHE  -  HYDRAZINE  NITRATE 
MIXTURES  FOR  PROPELLANT  USE 

by  . 

Saul  Wolf 

U,  S.  Rival  Underwater  Ordnance  Station 


iiaixkH 

The  posoltala  application  to  torpodo  propallant  use  of  hydraslne 
hydra  sine  nitrate  “voter  syststus  is  disoueaed.  Theoretloal  per¬ 
formance  data  are  given  together  with  the  results  of  the  preliminary 
evaluation  of  ohnolc  sensitivity,  thermal  stability,  denoity, 
vleooslty,  and  freezing  point  of  eeoh  syetem.  The  proposed  program 
for  the  experimental  evaluation  of  the  performance  of  the  most 
promising  of  these  systems  is  outlined, 

s'#  * 

The  primary  objective  of  the  work  at  U3NU03  on  propellants 
Is  tha  attsinmont  of  greater  torpedo  speed,  range,  or  payload  by 
providing  vith  tho  leust  weight  and  iu  the  smullost  volume  an 
energy  sourou  vhioh  will  provide  the  maximum  amount  of  available 
energy  for  extraction  by  the  pover  plant,  Tho  more  nearly  thle 
objective  is  realised,  the  greater  becomes  the  probability  of 
obtaining  a  truly  highspeed,  long  range  torpedo. 

High  propellant  offioienoy,  while  always  desirable,  can  be 
sacrificed  to  some  extant  for  the  increased  reliability  and 
lowered  ooat  of  a  wore  simple  valving  and  tankage  syotem.  This 
sacrifice  can  quite  readily  be  made,  for  example,  in  small  ASW 
type  torpedoes  cr  for  mins  une.  It  was  vith  suah  possible  applica¬ 
tions  in  mind  that  the  Newport  monopropellant  study  was  begun. 

The  selection  or  a  propellant  system  is  based  not  only  upon 
Its  thermodynamic  performance  but  also  upon  tho  vake  It  can  be 
expeoted  to  produce.  To  properly  uafeguard  the  submarine's 
greatest  offensive  advantage  -  stealth  -  the  torpedoes  it  launohee 
should  be  essontiully  wakeless.  Tho  presenoe  of  vake  from  airoraft. 
or  ourfaoe  oraft  launched  torpoloos  is  muoh  lees  oritioal.  For 
certain  apeoial  applications,  suoh  as  exsroise  firing,  vake  ie  not 
merely  permissible,  but  Is  a  major  requirement. 
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The  ideal  monopropellnnt  for  torpedo  hoot  online  use  should 
decompose  smoothly  and  rapidly  Into  products  of  high  temperature 
and  low  molecular  weight.  Cooling  of  these  products  to  the  1R00  F 
maximum  permissible  working  medium  temperature  for  torpedo  turbine 
use  would  be  occonptlahed  by  dilution  with  pumpod  oca  water.  For 
Internal  combustion  engine  use  (with  practically  no  flame  tempera¬ 
ture  limitation)  dilution  would  probably  be  unnecessary. 

Theraodynaaio  analyses  were  carried  out  for  various  Mono- 
propellants.  Th#  results  of  thsse  anslysss  together  with  the 
results  of  similar  analyses  of  other  types  of  propellant  aysteas 
are  shown  In  Figure  1.  Also  shown  In  Figure  1  Is  the  aols  of 
non-soluble  gases  psr  hp-hr  calculated  for  eaon  system.  This 
value  It  an  indication  of  the  relative  wake  to  he  expeoted  from 
each  system  la  similar  torpedoes  of  equal  horsepower.  The  results 
of  those  thermodyn&mlo  analyses  Indicate  that,  even  for  larger 
tor  do  do  turbine  power  plants,,  the  use  of  monopropollants  should 
be  oonsldarad.  The  small  available  energy  difference  between 
HnOn  -  Dlosel  Fuel  -  oorriad  diluent  and  certain  of  the  monopro- 
polZants  would  be  more  than  counterbalanced  by  the  increased  1  j 

reliability  resulting  from  the  reduced  tankage  and  valving  require¬ 
ments  of  a  monopropellant . 

Theoo  results  also  indioated  that  a  thermodynamic  analysis  of  j 

hydraelno-hydraslae  nitrate  mixtures  for  monopropellant  reoiprooat- 
ing  engine  application  vac  warranted,  Flguro  2  la  indicative  of  j 

the  reunite  of  this  analysis,  1 

| 

It  is  rather  difficult  to  oompare  the  theoretical  performance  ; 

of  a  hydraalne-hydraeine  nltrata  solution  in  a  given  roolproeattng  j 

euglns  to  the  experimental  performance  of  a  more  familiar  propoll ant 
system.  Should,  however,  both  systems  have  identical  reaction  i 

effloienoies,  a  10-90  mixture  containing  SO#  water  would  give  a 
propellants  consumption  rate  per  horsepower  hour  approximately 
equal  to  that  of  the  present  reoiprooating  engine  propellant  I 

system  (857)  HgOp-Dlesal  Fuel),  The  theoretical  analyses  indicated  1 

olearly  that  nydrasine-liydratine  nitrate  solutions  merited  further 
study  for  torpudo  power  plant  application.  Sine#  the  literature  1 

ourvey  made  in  oonneotion  with  the  USNU03  norm  propel lent  program  j 

rovonled  no  data  on  hydraclne-hydraslns  nitrate  solutions  of  more  1 

than  50jd  hydras Ins  nitrate,  s  preliminary  experimental  evaluation  1 

of  the  more  oonoentrated  solutions  was  Initiated. 
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Theaa  tost*.  nada  for  USXUOS  by  tha  Buffalo  Ilaotioohanloal 
Coapany,  ir*  outllnad  aa  folio™  i 

^  a.  Iapaot  aaniitivlty  at  rooa  taaparatura  and  at  taaparatura* 
up  to  ftia*P. 

to.  Tharaal  lansitlvlty  taata  at  aabltnt  praaauro  up  to  aixtura 


o.  Dotonatlon  propagation  taata. 

d.  Dotaralnatlon  of  fraaalac  point  and  rooa  taaparatura 
danaltiaa  and  vlaooaitioa. 


Nlxturaa  of  hydrailna  and  hydrailna  aJ.trata  vara  praparod  to) 
raaotlng  aaaoalua  ultra  to  vith  anhydrous  JiVT  hydraaiai. 

Solution*  praoarad  vara  5-99«,  J  -90,  90-80,  $0-70,  40-60,  50-90 
volant  paroant  tardraaiM-hydraalM  nltrato  nmturot  pint  tha  10-90 
alxtura  with  47.7,  >7,  90,  and  800  vatar  toy  aright. 

Vha  alxtura*  vara  taitad  for  iapaot  aoMltlvlty  in  a  aodlftad 
Burton  of  Nlnaa  liquid  amloilvt  iapaot  tartar,  urine  a  100  kg-ta 
iapaot  for  all  taata .  A  haatad  anvil  war  uaad  for  taata  atoova  rota 
taaparatura.  7b*  oritorlon  for  a  aon-lipaat  aanaltlv*  alxtura  vaa 
aatatollabad  aa  no  dotonatloa  in  tan  taata. 

Aablant  pro*  sura  tharaal  atability  taata  vara  and*  In  a  50  00 
xlaaa  toaakar  with  provlaion  aada  for  varlanla  hasting  rata. 
^"pafatUM  of  tha  aaapla  vaa  raoordad  oontinuoualy.  Tba  tharaal 
atabilltjr  boat)  taata  vara  and*  la  a  oonatant  volu  a  to  onto  oontalalng 
flva  or  aora  drop*  of  taat  aolutlon  and  provldod  vlth  a  boat 
aouro*.  Taaparatura  of  tha  vapor  ovar  tha  liquid  vaa  raoordad 
oontlauoualy.  Xo  attaapt  vaa  and*  to  aooourt  tbo  pro a aura  attalaad 

tioa  propagation  taata  vara  aada  in  atainlaa*  otaal 
dlaaatar.  5  foot  long)  fUlad  vlth  tba  taat  aolutlon 
1th  Xo.  4  oiootrlo  blasting  oopa  or  RD-tl  oannon 
prlaora.  Tbo  taat*  varo  firot  aada  vlth  ■««««  priaara.  If  no 
propagation  ooourrad,  tha  largar  Xo.  4  aapa  vara  triad.  To  provldo 
a  basis  for  ooaparlron,  taata  vith  aaob  datonator  vara  and*  usmg 
vatar  aa  tha  tait  solution. 

Tha  vloooaitr  of  all  tha  aOzturai  vaa  dataralnad  at  rooa 
taaporaturo  j!70*Pl  vlth  a  100  Ootvald  vlsaoaatar.  Hydroaatara 
aoourata  to  If  vara  uaad  for  tbo  dotomlnatlaa  of  daualty  at  75°F. 
Praaalog  point  taoti  vara  aada  in  a  toath-ooolad  taat  tub*  oantali. 
mg  20  00  aaaploi  and  flttod  vith  thoraoaator  and  atlrrar.  Point* 


$•95  'lanotas  5*  hydraoina,  95*  hydrailna  nltrata  toy  valght 
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of  first  crystallization  and  of  oompleto  solidification  vere 
obtained  vlth  an  socuraoy  of  1%,  Thera  appe&rod  to  he  no  tendenoy 
to  aupercool. 

The  raeulta  of  the  100  kg-om  Impact  teste  are  summarized  In 
Figure  5.  These  teats  ahov  that  the  seusitlvjty  of  the  mixtures 
Increased  vlth  hydra slue  nitrate  content  and  also  vlth  storage 
time  during  the  first  vaolc  or  tvo.  Removal  of  NH3  gay  from  a 
fresh  50-50  mixture  by  evaluation  did  not  change  the  lopaot 
sensitivity  limit.  •  The .Inoroaatd  sensitivity  on  storage  may  be 
due  either  to  chemical  reaction  or  be  preolpitstion  of  small 
quantities  of  hydrasine  nitrate  orystala,  The  crystals  are 
believed  to  be  rather  impaot  sensitive. 

All  of  the  mixtures  tested  behaved  similarly  In  the  open 
beaker  thermal  stability  tests,  the  reeulti  of  vhleh  are  shown  . 
la  Figure  4,  Vigorous  decomposition  of  the  mlxturio  vlthout  voter 
occurred  between  440  and  490«F,  The  1C-90  aixturn  In  voter  de¬ 
composed  vigorously  between  475  and  570°F.  The  slightly  lover 
reaction  temperatures  of  the  10  and  20 %  hydrazine  content  samples 
may  be  duo  to  experimental  error.  A  substantial  density  Increase 
vae  noted  In  a  30-70  mixture  after  heating  to  300°F  and  then 
ooollng  to  room  temperature.  This  solution  became  almoet  crystal¬ 
line  on  cooling.  This  Indicates  that  in  all  these  tests  the  more 
volatile  hydrazine  and  voter  had  boiled  off,  leaving  the  nitrate 
behind  to  react.  These  boiling  tests  indioate  that  the  mixtures 
tested  can  he  heated  safely  to  at  least  40C°F  In  open  containers 
vlth  no  reaotlon  other  than  evaporation. 

The  closed  bomb  thermal  stability  testa  gave  temperature  -  time 
ourvos  vhloh  Indicated  reaction  at  temperatures  lover  than  those 
In  the  open  beaker  testa.  A  typical  ti;uperature»time  curve  Is 
shovn  in  Figure  5.  The  results  of  these  tests  are  summarised  In 
Figure  6. 

Mixtures  containing  less  than  hydra tine  nitrite  shoved  no 

sudden  temperature  rise,  but  had  regions  of  constant  temperature. 
Thoso  mixtures  containing  more  than  30j  vater  gave  no  definite 
reaotlon.  Thv  testa  Indioate  that  250°F  is  the  upper  safe  tempera¬ 
ture  limit  for  hydraalno -hydrazine  nltrato  mixtures  £n  aonflned 
containers  having  an  air  spaos.  It  is  posslblo  that  hydrasine- 
hydrazlne  nitrate -vater  mixtures  oontalnlng  more  than  30J<  vater 
can  be  kept  confined  at  tsuoh  higher  temperatures,  slnoe  the  vater 
vapor  formed  vould  act  as  an  Inert  diluent  of  the  combustible 
vapor  In  the  dosed  system. 


The  detonation  propagation  tests  vsx*e  made  Immediately  after 
preparation  of  the  test  solution*  and  at  one  veek  Intervale  there¬ 
after.  A  summary  of  the  results  la  shovn  in  Figure  7.  Where 

26? 

CONFIDENTIAL 
SECURITY  INFORMATION 


V *■*•»«*— **  -e  t  T/ispjr-TT*  — -vwJBfcS'earw  r*i4»r*1 rp 


4 


1 


1 


SX?Efl.XMBg3!AL-RE9PLT8-.IMTACT  SBW8ITITXTY  Of 
mtPBAziire^nfPRAZiws  nitratb  mistprbe 

gFFECT.oy.  B.TORAOS.  .(IMPACT,  ■  ljpo  te-oa) 

IMPAOT  3EVSITIVITT  TEMP  LIMIT 
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95 
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R,  T. 

10 

90 
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R.  T. 

80 

80 
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n.  T. 

30 

70 

1B5°P 

H.  T. 

40  . 

60 

185°F 

06°P 

50 

50 

194°P 

140°F 

10 

90  +  48*  H8o; 

10 

90  +  37*  H80j 

Solution!  3  v««ka  old 

1  non-impact  aenaitiv* 

10 

•90  +30*  Hs0( 

1  up  to  S12°P 

10 

90  +  20*  HgO| 
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reaction  vac.  initiated  by  the  detonator,  tha  brltsnoe  or  shattering 
effect  van  ouch  as  to  indloate  that  explosion  rather  than  detona¬ 
tion  had  occurred.  The  results  Indicate  that  mixtures  containing 
no  water  are  unsafe  to  handle  and  that  those  containing  water  are 
relatively  safe. 

The  results  of  the  physical  properties  determinations  are 
shown  In  Figures  0,  9,  and  10.  As  expeotod,  the  viscosity  of  the 
/lydrazlne-hydrazlne  nitrate  mixtures  increased  as  the  nitrate 
content  increased  and  tho  viscosity  of  tho  10-90  mixture  decreased 
with  Increased  wocur  content.  Density  behaved  similarly. 

The  point  of  flret  oryetalllzatlon  on  oooling  occurred  at  a 
higher  temperature  ns  tho  water  content  of  the  mixtures  increased. 
Tho  mixture  containing  20#  water  nhoved  a  sharp  freezing  point 
while  the  mixtures  of  higher  water  content  formed  slushy  mixtures 
a  fow  seconds  after  the  appearance  of  the  first  orystal.  The 
40-60  mixture  shoved  no  crystal  formation  down  to  -4l°C.  where 
ooollng  was  discontinued. 

To  recapitulate,  the  results  of  this  preliminary  experiment il 
evaluation  indioated  tho  follovingi 

a.  Hydrazine  -  hydrazine  nitrate  mixtures  containing  50  to 
95#  of  tho  nitrate  are  atoble  in  air  up  to  4oo°F  nnd  In  a  oonfined 
volume  with  air  space  are  stable  to  250°F ,  The  range  of  heat 
stability  ie  increased  by  the  addition  of  vater. 

b.  The  hydrazine -hydrazine  nitrate  mixtures  above  50# 
nltrato  vere  atmoltive  to  impact  at  or  near  room  temperature  and 
vero  exploded  after  one  to  two  week  otorage  at  room  temperature. 

o.  The  10-90  mixtures  with  80  to  48  wt  peroent  water  vero 
nut  sensitive  to  100  kg-ora  shock  at  temperatures  up  to  212°F  and 
wore  not  exploded  by  a  No.  4  elootrlo  blasting  oap  after  three 
weeks '  storage  at  reora  temperature. 

d.  The  points  of  first  crystallization  from  the  mixtures 
containing  water  were  well  bolov  the  freezing  point  of  water. 
Mtxtureo  containing  more  than  20#  water  did  not  freeze  solid  at 
the  point  of  first  crystallization. 

It  appears  at  this  stage  that  the  mixturoe  containing  water 
still  warrant  consideration  for  monopropellant  use  In  torpedo 
propulsion.  Further  evaluation  is,  of  course,  nooesaary.  Re¬ 
action  stand  and  dynamometer  otudles  as  well  as  long  term  storage 
and  handling  teste  will  be  made  as  tho  vork  load  at  Newport 
permits . 
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ROOM  TEMPEFATURg  (70°?)  VI3C03ITIE3  OP  VARI008 
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It  1>  hoped  that  thin  program  vill  result  In  a  torpedo  mono- 
propell&nt  of  practical  utility,  a  wonopropellant  comparable  to 
H.,0~  -  diesel  fuel  -  carried  diluent  in  energy  and  having  acceptable 
storage  and  handling  characteristic*. 
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BXrfiHIENCS  IN  DSINO  HXDRAZINB  AS  A 
LIQUID  H0C1QZT  niil  AND  AS  AN  10NITER  PLUID 

by 

R.  B,  Poster  end  J.  amerda 
Bell  Aircraft  Corporation 

•Presented  by 
R.  B.  Foeter 


PART  I 

gaa-AfJjydrftzlD.e^e^  Liquid  Rocknt  Fu,.; 

in  February  19Jl8  the  Dell  Aircraft  Corporation  undertook  the 
^OV«i?Sraonfc  41  liquid  propellant  rocket  onglno  using  hydronan 
ninnf^uf  M?  °*lcll£ur  on<l  hydrazine  (18  tho  fuel.  This  povor 
plant  vus  designed  as  u  ground  launonod  air-to-air  test,  vohiole 

DoparSn??  °ponao™d  b*  «*•  of  Ordnance  of  tA.vy 

The  reaeon*  for  selecting  theoe  propellants  vero  as  follows i 

denaltv  itnmil  ~7  A  relatively  good  impuluo,  particularly 

a  nelty  impulse,  vhieh  vas  important  for  this  typo  of  missile.  ' 

Comparatively  well  suited  to  uuo  aboard  ehip.  The 
rulaUvoiy  high  frooring  points  of  both  propellants  wan  uot  as 
uiirioun  a  drawback  as  in  othar  applications.  Freezing  oolnt 
depress ants  for  both  propellants  uppoarod  to  be  possible. 

...  sii&sjs:  **°>°"«* 

important  hoenuso  of  the  short  firing  time.  particularly 

mu  o?”tLo,,s;3SSi“  « SLiKiT&r' r.“:.r2 
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1.10  graa*  of  potaaslua  farrleyanlde  per  1000  oo  of  fuel. 

0.47  grass  of  cuprous  oyanid*  per  1000  oo  of  fuel. 

0.30  grass  of  sodium  cyanide  per  1000  oe  of  fuel. 

These  catalysts  were  first  dissolved  In  a  small  quantity  of  vater 
and  the  solution  vna  then  added  to  the  hydra sine.  This  resulted 
In  an  actual  concentration  of  about  955*  hydraslne.  The  Ignition 
delay  time  of  this  fuel  with  hydrogen  peroxide  appeared  to  be 
about  four  nlllieeoonds  or  less  under  roo«  temperature  condition* .  • 

The  performance  obtainable  with  this  propellant  combination  Is 
shown  in  Figure  1.  The  theoretical  speolflo  impulse- was  calculated 
on  the  basis  of  shifting  equilibrium  uud  indicated  a  maximum 
speolflo  Impulse  of  243  sooonda  at  an  oxldiaer  to  fuel  ratio  of 
2.04  for  a  chamber  pressure  of  300  psig.  The  actual  design 
operating  point  of  the  power  plant  was  at  a  mixture  ratio  of  1.67 
where  u  itpooiflo  Impulse  of  226  to  220  aocondo  vaa  obtained  at 
rated  chamber  pressure  of  300  pnlg.  This  represented 
9*$  of  the  theoretical  npoolflo  Impulse  obtainable  at  this  mixture 
■ntlo.  The  average  propellant  density  was  7£>«2  lb/ou  ft.  Thle 
resulted  In  a  density  Impulse  of  17,400  lb  oeo/ou  ft. 

Later  in  the  development  program  the  chamber  pressure  was 
raised  to  450  pslg  in  order  to  reduce  t,ho  volume  of  the  povor  plant 
At  tills  oboriber  pressure  an  ootual  opsolflo  Aiapulso  of  239  seconds 
was  obtained  in  a  ceramic  chamber  having  a  characteristic  length 
of  40  Inches. 

The  performance  data  for  the  povor  plant  is  presented  in  the 
folloving  table i 

2ASIJLI 

Thrust  350  lb 

Duration  15  >eo 

Mixture  Ratio  (0/P)  1.67 

Weight  of  Oxidiser  •  •  14.6  lb 

Weight  of  Fu«l  8.35  lb 

Total  Propellant  Weight  22.95  lb 

Actual  speolflo  Impulse  228  sec 

Density  Impulse  17,400  lb  aoo/ou  ft 

Overall  Spoolfle  Impulse  109  sec  at  sea  levelj  118 

sec  in  flight 

Thrust  to  Engine  Weight  Ratio  7.28 

The  else  and  configuration  of  the  missile  Itself  is  shown  In 
Figure  2.  The  missile  vas  aooelerated  to  supersonic  apoed  by  a 
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•olid  propellant  booatar  rookat.  When  the  boon  rooket  «« 
exhausted  and  detached,  th*  liquid  propellant  rookat  It  th*  all  ill* 
«i  fired  and  suatalnad  tba  high  velocity  attained  for  a  period  of 
15  aeoondi.  The  alaaile  vat  tlx  lnohea  in  diaaater  and  about  r 
feet  long. 

Sine*  apaoe  vaa  at  a  premium,  th*  power  plant  had  to  be  aad* 
aa  ooanaet  aa  poaalble.  Thla  vaa  on*  of  the  factor*  favoring 

adratln*  aa  a  fuel,  Figure  5  ahova  th*  pover  plant  ooaponenta  of 
*  alaall*  aaaenbled  ae  in  the  alaalla.  Th*  tanka  vere  looatad 
oloe*  to  th*  oenter  of  gravity  ef  th*  alaaile  in  order  to  ulnlala* 
o.g.  travel  during  expiation  of  tht  propellant* ,  The  individual 
ooaponenta  of  th*  pover  plant  oaa  be  better  Identified  in  Figure  * 
vhloh  ahova  than  diaaaaanblad  but  In  their  proper  relative  poel  tlrna , 

Th*  abort  large  tank  vn*  the  nitrogen  preaaur*  noouaulator. 

Oaa  vaa  fad  fro a  thla  raaarvolr  through  th*  atart  valve  aad 
praaaur*  regulator  to  a  tee  from  vhloh  eeparat*  nitrogen  llnea  vere 
run  through  italnlea*  ateel  oheok  valvae  to  eaoh  propellant  tank. 

The  large  long  tank  had  a  partition  In  It  vhloh  eepamted  the  fual 
tank  fron  th*  oxldlier  tank,  The  fuel  tank  vaa  th*  enaller  portion 
forvard  vhllo  the  oxldlaar  tank  vaa  the  larger  Motion  Immediately 
bahlnd  It.  The  preaaurlaatlen  agaten  down  to  th*  ohaok  valve*  vui 
aad*  of  alumlnun  primarily. 

Th*  propellant  tanka  and  feed  llnea  vara  aad*  of  H47  atalnlea* 
ataal.  Any  >00  aarlea  atalalaa*  vould  have  baon  aatlafaotory  for 
the  hydraain*  tank  but,  beoauaa  of  th*  hydi  peroxide  preaent, 

3*7  atalnlea*  ataal  vaa  uaad  for  both  tanka.  Son*  of  th*  anallar 
d«tail  part*  of  th*  hydrailn*  tank  vera  aad*  fron  304  *t*tnl*s* 

*t**l,  however. 


Attachment*  to  tha  tanka  vtr*  nad*  ualng  anap  ring*,  ffeopreua 
rubber  "0"  rlna*  ware  uaad  for  aaala  In  th*  hydraain*  agaten  vhlle 
polyethylene  "0"  ring*  vera  u*ad  In  th*  peroxide  agetea.  Frangible 
dl*o*  v*r#  used  to  oontrol  th*  flov  of  propellant*  fron  th*  tank 
to  tha  thruit  ohanber.  That*  ear*  aada  of  eluainua  in  both 
prop*llant  agaten* .  Th*  only  conventional  valve*  uaad  v*r*  in  th* 
nitrogen  preaaurlaatlon  agatan. 

Ixpulalon  bladder*  vara  uaad  to  Inaur*  oonpleto  expulalon  of 
the  propellant*  without  paaaage  of  ga*  bubble*.  The  bladder  u»*d 
la  th*  h/drealn#  tank  vaa  mad*  of  neoprene  rubber  while  th*  one 
uaed  la  the  hydrogen  peroxide  tank  vae  aad*  of  polg*thgl*n< 


The  thruet  chamber  oonileted  of  a  etelalee*  ateel  lnjeotor 
attached  to  a  ateel  *h*ll  ooatelnlng  e  Kief rex  oeranlo  ohxmbar  and 
noeal*  lnaart. 
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B»  eout.t.  potftr  pitot  v.idh.d  »pp.«lut.l,;»B  »«"»>■  «ptj. 
OM  of  tha  optraettrlttloi  of  thlt  5f°5?dloat  ooabUttloB^f 

the  relatively  low  luminosity  of  the  oombu atloi n  «•  o^  Tha  nwMI 

c::  8si^s.sn5s.“  -  as  *«.«.  «  « 

(Figure  5).  . 

it  .u»iu  th.  rs5.;°S”i.i,.'':LS«s.ss’i5ts^ 

a:nf5u.u»t”r t. 

saHLsus. rvsss !sCsass«ff»  *■*«■■ 

sxysiss »v;s?  n~ 

vaa  atopped. 

<rv,<t  i  oadina  of  the  ailoalie  vaa  accomplished  by  uelng  M&1'* 

SSSS51 &£!  TZtclt 4®l^i*6r^wS^dSoh2S*M 

minimum  of  upllloge  or  hazard  /*  f  tha  hydrogen  peroxide 

wore  protect lve  olothlng  primarily  because  of  the  of 

being  tteed,  the  olothlng  vaa  useful  In  minimising  the  naturu 
olein  contact  with  hydrazine  • 

No  difficulties  were  experienced  due  to  decomposition  Of 
h ydraalne.  However ,  precautions  vor*  taken  to  onoure  that  teat 
equipment  and  pevor' plant  component,  were 

of  dirt  and  greaoo  or  other  contaminants.  In  «i«nnlna  the 

of  otandardif at  ion,  the  LJ^'g^Sw!  StS. 

S^iSJt.t5°fS^T“~  SwmSo.  vblch  ootid  to  ottrlbotod  to 
tho  uae  of  hydrazine • 

PAHT..U 


ijr)i}  of  Hydraela.e.at_aa.IgQmr  FlVlA 


Some  liquid  roolcet  propellant  oourtsinatKons  »**•  non-hypm-raoXlo. 
ia.  tbey  do  not  burn  upon  mixing  and  must  be  ignited  oy 


That  leTtbey  do  ^ttarn  upon  mixing  and  must  be  ignited  ny  mean. 
S  L  eieotrlo  spark,  glow  plug,  or  other  meant. 

Probably  the  almplest  method  of  obtaining  lotion  la  to 
atart  the  oombustlon  using  hyporgolie  propellante  and  then  evltoh 
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to  the  non-hypergollo  propellants.  This  method  has  been  used  at 
Bell  Aircraft  Corporation  for  a  number  of  years  as  a  means  of 
obtaining  ignition  in  acld-gaaollne  or  Jet  fuel  thrust,  chambers. 
Combustion  la  initiated  by  means  of  a  slug  of  hydrasine  placed  in 
the  luol  line  ahead  of  the  Jot  fuel.  This  has  proved  to  be  a 
simple  and  reliable  means  of  Igniting  acid-jet  fuel  roolcet  engine] 
where  repeated  starting  is  not  required. 

The  hydrasine  uaod  for  this  purpose  is  not  anhydrous  hydratlne 
but  1«  a  composition  close  to  the  eutectlo  composition;  namely, 

68-69#  hydratlne .  The  remainder  Is  water,  It  oan  be  seen  In 
Figuro  7  that  tho  freealng  point  of  thle  liquid  la  well  below  -40°F, 
which  is  the  freesiug  point  of  white  fuming  nitrlo  acid.  Satis- 
factory  starts  have  boon  made  oonsisteatly  at  all  temperaturee  from 
-4o°F  to  plus  160°F. 

The  reasons  for  soloctlog  hydratlne  as. an  Igniter  fluid  aret 

1,  It  Is  very  hypoi'Bfillo  with  white  fuming  nitric  aoid,  and 

S .  It  burns  without  leaving  any  soot,  coke,  or  other  residue , 

Its  major  disadvantage  la  its  high  oust.  However,  approximately 
0  os  of  hydraslna  Is  used  per  start  and  this  Is  considered  economi¬ 
cal  because  of  tho  reliability  of  operation  and  freedom  from  clogging 
vhloh  is  obtainad. 

During  four  years  of  oporation  approximately  5000  rocket  motor 
flringc  have  boon  ancle  using  hydra«irio  as  en  ignitor  fluid.  Slnoe 
records  of  theae  firings  are  incomplete.  It  Is  not  possible  to 
detormino  tho  exact  number  of  starting  malfunctions  which  were  due 
to  tho  use  of  the  starting  fluid.  The  number  is  not  large j 
probably  not  over  twenty. 

Four  are  known  to  have  boon  caused  by  accidental  dilution  of 
hydraalno  with  watsr.  Those  resulted  in  no  ignition  at  all. 

This  has  boan  avoided  by  purchasing  hydrasine  in  tho  desired  con¬ 
centration  and  acceptance  testing  the  fluid  to  a  specification. 

A  few  vsro  caused  by  using  too  small  a  quantity  of  hydrasine. 
Thoso  resulted  In  no  ignition  or  In  a  small  pressure  rise  and 
1'ailuro  to  sustain  combustion. 

Probably  the  greatest  number  were  caused  by  the  presence  of 
Jot  fuel  ahead  of  the  slug  of  hydrasine.  This  usually  resulted  In 
an  explosion.  It  occurs  only  on  rs-running  a  test  thrust  ohamber 
ae  a  result  of  incomplete  purging  of  fuel  from  the  previous  run. 

It  would  not  oocur  In  operation  of  a  missile. 


283 

CONFIDENTIAL 
SECURITY  INFORMATION 


CONFIDENTIAL 


Dilution  of  hydrazine  with  Jut  fuel  In  avoided  by  inserting 
the  hydrazine  in  &  portion  of  the  fuel  line  betveen  two  velvet, . 

The  dilution  which  oocur*  after  opening  of  the  valve*  is  insufficient 
to  affect  ignition. 

Thee*  are  the  only  eausee  of  failure  experienced  with  the  use 
of  hydrailne.  All  of  thee*  oautea  can  be  corrected  or  avoided  by  - 
proper  design  of  the  fuel  system  components, 

Reosntly  the  position  of  hydrazine  for  thie  purpose  has  bean 
threatened  by  the  development  of  mixed  alkyl  trlthiophoephite • 

Thie  compound  has  been  evaluated  a*  an  igniter  fluid  in  comparison 
with  hydrazine  and  has  been  found  to  have  a  shorter  ignition  delay 
time.  The  amounts  of  deposits  which  form  in  the  chamber  are  hot 
serious  and  the  cost  of  the  material  la  expected  to  b*  considerably 
lover,  If  freezing  point  depressants  for  WFNA  become  feasible  or 
if  HFNA  is  used,  some  such  fluid  as  this  must  be  used  since  the 
freezing  point  of  the  hydrazine  is  too. high, 

Therefore,  the  continued  uao  of  hydrazine  for  thie  purpose 
does  not  appear  too  promising  in  tilt  light  of  future  requirements 
and  reount  developments  in  hyporgollo  fuels,  ' 


* 
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OOTKAL  mtrgfllffitCE  WITH  HTDRAZIJTE  AT  AEPOJKT 
by 

S.  M.  Vilnoa>  3.  B.  Kllmr,  I).  Cordon,  and  0,  L.  Randolph 
Aerojet-Oeneral  Corporation 


Presented  by 
S.  M.  .Wilson 


During  a  atudy  at  Aerojet  of  the  use  of  hydraslna  in  rnoket 
motors,  6uu  generators  employing  hydrasina  both  Aa  a  monopropellant 
and  in  vory  fuol-rich  bipropellant  Bystems  vith  nitrio  ao_d  vara 
brlafly  investigated.  Because  other  contractors  vai'o  uxuainlng 
tha  monopropellant  system  vith  aouio  oar  a,  tho  main  of  fort  vu« 
oouoentrated  on  determining  tho  fuao.lbility  of  operating  a  gaa 
generator  vith  hydra sino  vhlla  oimultunoouoly  lnjootiug  amll 
quantities  of  white  filming  nitrio  acid.  It  should  ba  pointed  out 
that  thla  work  vaa  dona  aovoral  years  ago  and  van  only  exploratory 
in  nature.  Primary  daoomposittloa  of  hydrasiae  to  ammonia  and 
nitrogen  la  anally  aoooupllntaed, 1  but  yields  noxious  gauoo  at  250£>op, 

Tho  further  dooompoaition  owaplotoly  to  nitrogon  and  hydrogen 
absorbs  haul  (reducing  tha  chamber  temperature  to  lOTO^K)  end  re¬ 
quires  a  rathar  largo  catalyst  bod  to  obtain  a  high  gas  yield. 

By  initially  injecting  a  111  mixture  of  hydrasina  and  nitrio  aoid,  .  . 

a  tomparatura  of  4670"?  ia  obtained,  and  by  then  injecting  further 
hydraslno,  ooaploto  daooflipooition  roeuiun,  in  a  muoh  mailer 
yolumo  than  ia  possible  vhea  only  tho  pure  fuel  is  used.  Calcula¬ 
tions  ohov  that  approximately  6#  of  nitrio  aoid  is  uuffioiont  to 
produce  final  gas  temperatures  of  1425®  to  1525°P,  a  convenient 
temperature  rungo  both  for  gaa  turbine  operation  and  offoutlve 
do composition.  ! 


,  ..***?,  Sonarntor  chamber  used  in  these  tests  was  of  1.75  in. 
inside  diameter,  and  had  provisions  for  the  measurement  of  tempora- 
tura  along  tha  vail  at  one  lnoh  intervale.  The  injector  consisted 
groups  of  like-on-like  impinging  hydrasina  streams,  the 
wpha  bolng  introduoed  as  an  impinging  stroom  with  2  hydrasina  Jets 
in  a  oentraliy  looated  ninth  group j  a  molybdenum  baffle  vns  present 
$}*••  ipom  bhe  lnjeotor  faoe  to  help  mix  tho  hot  gasee.  An 

A  of  595  lnohes  vae  usod,  and  66j(  of  the  ohamber  volume  voa  filled 
4*?  ?  °*baly«t  consisting  of  oqulmolar  quantities  of  iron, 

“05?r*  *5®  oobalt  salts  on  aluminum  oxide  pellets,  Temperature 
profiles  for  three  different  mixture  ratios  in  this  gas  generator 
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are  shown  In  Figure  1.  It  vas  concluded  that  vlth  further  develop¬ 
ment  work  a  gas  generator  that  would  be  scalier  and  more  efficient 
than  one  using  hydrazine  alone  could.be  built,  It  having  been 
shown  that  the  system  Is  feasible, 

Time  does  not  permit  going  Into  the  details  of  the  extensive 
testing  of  hydrazine  nr.d  W7NA  In  a  4ciO-lb  thrust  rocket  motor. 


testing  or  hydrazine  nr.d  W7NA  in  a  400-lb  thrust  rooket  motor. 
Results  available  in  Aerojet  Report  No.  488  show  that  smooth  com¬ 
bustion  and  performance  values  In  excess  of  J5;l  of  theoretlo&l  oan 
be  obtained.  Several'  abort  duration  .tests  at  a-  thrust  level  of 
approximately  4000  lb  also  were  made  without  difficulty. 


In  order  t:o  meet  the  need  for  a  rapid  method  for  th»  routine 
analysis  of  hydrazino  samples,  attention  was  given  to  methods  other 
thorn  the  clausloal  potassium  lodato  titration  o.<‘  a  hydrochloric 
aold  solution  of  hydrazine ,  Although  onpablo  of  a  high  degree  of 
auouruoy,  this  latter  procedure  is  not  rapid,  and  determination  of 
the  exact  end  point  is  ofton  difficult,  3inoe  this  titration 
results  In  the  quantitative  liberation  of  nitrogen,  a  sorlea  of 
tostc  was  made  to  determine  whether  sufficient  acouraoy  could  be 
achieved  by  the  aolleotlon  of  tho  nitrogen  In  a  simple  pus  measuring 
apparatus.  Because  potassium  permanganate  is  usually  available  in 
any  laboratory,  this  .oxidizor  vas  chosen  for  the  tacts,  tho  libera¬ 
tion  of  nitrogen  being  quantitative  in  basic  oolutloa.  The  equipment 
Is  shown  in  Figure  2.  Tho  500-ial  oudiomoter  was  constructed  by 
drilling  a  holo,  In  the  bottom  of  an  ordinary  graduate  oylinder.  A 
uamplo  of  approximately  0.5  g  vas  weighed  by  dlfforonoo  from  a 
hypodermic  syringe,  introduced  into  the  250-arl  KJoldubl  flask,  and 
10-ml  of  4N  sodium  hydroxide  was  added  immediately  before 
connecting  tho  flask  to  the  rubber  tubing  beneath  the  burette, 

A  saturated  solution  of  potassium  permanganate  was  then  added 
from  the  burette  until  an  exoosa  vau  vluually  present  (approximate¬ 
ly  >10  ml);  tho  volume  of  gas  was  then  r#*d  and  oorreoted  to 
standard  conditions.  A  oorreotlou  for  the  volume  of  tltrant  added 
was  also  made,  hydrazine  solutions  in  vator  of  various  concentra¬ 
tions  vero  analysed  la  t)ds  manner,  as  veil  as  som  containing 
small  quantities  of  ammonia,  tho  common  impurity  in  hydrazine. 

Results  shown  in  Table  I  Indicate  that  even  with  uhe  simple 
equipment  used,  the  method  yields  results  sufficiently  coourate 
for  many  needs.  Beoause  no  standardized  solutions  are  needed,  the 
method  should  prove  convenient  for  field  analysis  of  hydrazine  for 
rookot  units.  With  a  more  aoourate  gas-measuring  devioe,  such  a 
method  also  appears  worthy  of  ths  more  sxaoting  demands  of  the 
research  laboratory. 
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Sab  pi  6 

'  Vt  'jeMgHubjf  ' 
KIO^  Titration  lav) 

vt  *  iMk  by 
Oaa  Volume 

Coma.  Jfglfy 

95.0 

95.3 

32x3 

Av 

95.1 

Coma.  W2S4  +  HgO 

55.3  . 

35.3 

35.0 

Av 

35.1 

Conan,  +  KHlOH  to  give 

1.7*  HH]} 

87,2 

87.4 

Conan. HgJty  4  NlfyOH  to  give 
7.0* 

7  4.6 

75.4  ■ 
liol 

Av 

74.7 

Coiwi.  W2Hu  (Roalgtllled 
from  KOH) 

98.0 

98.6 

98.2 

99.0 

98.5 

99.4 

32x3. 
Av  98.8 
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DISCUSSION  OH  PAPERS  BY 

Daniel  b.  morph/,  saol  wolp,  r.  b.  poster,  and  h.  m.  wil3on 


TKB  CHAIRMAN i  We  oeu  nov  open  for  dlsoussion  of  the  papers 
Just  given)  dlaousslen  end  questions. 

MR.  WILSON:  I  vill  raise  one.  Does  anyone  see  anything 
vrong  vlth  this  method  of  analysis  ve  have  been  using?  We  vould 
Ilka  to  knov  if  you  do.  It  is  far  quicker  than  the  other  methods 
I  have  seen  so  far. 

(No  oooment) 

MR.  CAMPBELL:  I  vould  like  to  ask  Mr.  Poster  vhat  vas  the 
chamber  pressure  of  the  METEOR . 

MR.  POSTER:  JOO  pounds. 
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A  LOW -FREEZIKQ  IOTRAZINB  PVSL  FOR  ROCKET 3 

by 

S,  D,  Csapboll,  H.  F.  Jenkins ,  Jr.,  and  Va.  Cohsn 
U.  3.  Naval  Ordnance  Test  Station 

Presented  by 
X.  D.  Campbell 


This  paper  conoerns  the  fuel  that  van  developed  In  the  Liquid 
Propellants  Branch  of  the  Natal  Ordnaaam  Teat  Station  for  the  LA.R 
rocket. 

The  LAN  la  an  experimental  aircraft  rookot  5  Inches  In  diwuoter 
and  110  inches  long.  It  has  the  very  short  burning  time  of  0.5 
second  and  produces  a  thrust  of  17,500  pounds.  The  burnt  velooity 
la  about  2400  ft/neo.  Because  of  overall  size  limitations,  the 
combustion  chamber  of  the  LAR  cannot  be  larger  than  5,0  Inches  In  . 
diameter,  nor  lmvo  a  oh.nreotvrlntlo  chamber  length  (L*  *  ratio  of 
chamber  volume  to  nozzle  throat  area)  much  greater  than  0  Inohou. 
let,  40  pounds  of  liquid  propellants  must  burn  In  It  in  1/2  eeoond. 
Such  a  high  burning  rate  has  never  before  been  opproaohed  In  a 
conventional  liquid  propellant  rocket  motor  of  this  size.  This 
van  mado  possible  only  by  utilizing  a  fuel  and  oxidant  combination 
vliioh  van  capable  of  roasting  with  a  vory  high  velocity.  Thuo  It 
vas  that  hydrazine  was  chosen  as  the  fuel,  and  RFNA  containing 
20  percent  NOg  for  the  oxidant. 

The  use  of  hydrazine  as  the  LAR's  fuel  has  boon  of  paramount 
Importance  in  its  development  program.  Its  high  performance  ond 
speed  of  oombuctloh  have  made  it  virtually  the  only  fuel  oapabla 
of  mooting  the  stringent  requirements  for  use  in  the  LAR . 

But  hydrazine  of  oourse  has  its  limitations.  Design  «>oolfl- 
oatlona  for  the  LAR  require  that  it  ohall  be  oparativo  at  ompern- 
tureu  as  lov  as  -65°F  (-54®C),  necessitating  that  the  fuol  freeze 
at  or  below  this  temperature.  Also,  our  engineers  have  estimated 
that  the  viscosities  of  tho  propellante  should  not  be  groater  than 
35  oentlotokou  at  all  temperatures  to  attain  Reynolds  numbers  of 
at  loaot  4000,  whioh,  it  is  believed,  would  pormlt  a  oatlsfaotory 
degree  of  turbulence  to  promote  efficient  mixing.  Thus,  a  problem 
of  considerable  magnitude  presented  itself. 

Approximately  120  freezing  point  depressants  were  considered 
and  rejected  as  unsuitable,  usually  beoause  of  Insufficient 
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solubility  or  because  the  quantities  of  additives  required  to  lover 
the  freezing  point  adequately  also  docroasod  the  performance  to  a 
dogree  unacceptable  for  the  IAN.  Ajwuonlnm  thiooyaante,  as  first 
suggested  by  North  Amerioan  Aviation,  Inc.  (Ref,  1)  was  finally 
selected  for  use  In  the  LAN  development  program. 

Preliminary  work  Indies  ted  that  a  mixture  containing  JO  part* 
by  veight  of  oswonlua  thlooyanate  In  70  parts  ooutneraial  anhydrous 
hydrazine- had  a  freezing  point  olose  to  the  desired  value  of  -54°0, 
Therefore,  until  a  fuel  of  optimum  properties  could  be  devised  and 
Its  oharactovistloa  determined,  hydrazine  containing  JO  percent 
estmonlun  thiocyanate  vaa  utilised  In  our  rocket  firings.. 

A  partial  froezlng-polnt-coupoaltion  diagram  of  the  system 
hydrazine -ammonium  thiocyanate  has  boon  plotted  as  shown  la 
Figure  1.  Muthieeon  hydrazine  aanaylng  96.O  peroent  NgHi).  vas  used. 
The  ur-.'tionlua  thiocyanate  was  Paltor  end  Adamson  reagent  grade  dried 
tva  constant  weight  and  aacayod  so  93.4  percent  KHjiSON.  Inspection 
of  the  ourvo  reveals  that  by  increasing  the  amount  of  thiocyanate 
from  JO  to  32  percent  the  desired  FP  of  -£>4°  may  be  obtained. 

The  viscosity  of  the  JO  percent  thlooyonute  fuel  vac  measured 
vlth  a  Punske -modified  Ostvald  viscosity  pipot  placed  in  a 
thormoatated  clear  Dovhr  flack.  A  plot  of  vlsoouity  vs  temperature 
Is  scon  in  Figure  2.  It  will  bo  noted  that  the  viscosity  at  the 
freezing  point  (-1tS.25°0)  IS  about  J2  ocnt.lstobse  --that  Is.  vlthln 
the  noooptunoe  limit.  At  the  time  of  tills  vrltiug,  viscosity  data 
on  toydmsino  containing  32  poioont  thiooy.viats,  -  the  composition 
vhloh  nueto  the  freezing  point  requirement  -  had  not  yet  been 
obtalnod,  Hovovor,  It  la  expected  that  the  vlsoonlty  at  -54°  vlH 
be  unacosptably  high.  Therefore,  work  will  bo  directod  toward 
finding  a  suitable  additive  to  lower  ho  viscosity.  Ammonia, 
perhaps,  can  be  utilized  for  this  pur}  se. 

An  Impinging  Jet  apparatus  has  been  used  to  measure  the 
Ignition  delays  of  those  fuels.  Using  the  LAN  oxidant,  RFNA 
containing  SO  percent  N0«,  hydrazine  gave  a  delay  of  5.1  1  0.7 
maoo,  whereas  hydrazine  containing  JO  percent  ammonium  thiocyanate 
had  a  delay  of  22  1  1  msec ,  Those  measurements  wore  undo  at 
ambient  temperature.  When  the  JO  porotmt  thiocyanate  fuel  vas 
fired  at  -4o°C  a  value  of  62  t  5  maoo  vas  obtained. 

In  order  to  ovaluate  the  performance  of  the  JO  peroent  thio¬ 
cyanate  fuel  at  lov  temperatures  a  email  motor  of  1500  pounds 
thrust  vas  utilized  until  tests  could  be  made  vlth  the  LAN.  The 
JO  peroent  thlooyanate  fuel  vlth  RFNA  as  oxidant  vas  firsd  In  thle 
motor  at  -4j°C  vlth  moderate  suooese. 
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Firings  of  the  LAR  at  lov  tesrporaturoa  will  be  made  in  the 
near  future . 

A  limited  Investigation  concerning  the  corrosion  and  compati¬ 
bility  of  the  30  percent  thiocyanate  fuel  with  common  materials  of 
construction  and  handling  have  boon  made. 

Figure  3  prosents  data  obtained  in  the  evaluation  of  metals. 
Aluminum  alloys  veio  far  superior  to  unjr  of  ‘;ho  other  motels  tested. 
AI8I  54?  stainless  steel  vea  attaokod,  and  oolorod  the  fuel 
solution  vlthla  one  week's  time.  Unplated  mild  steel  vs a  rapidly 
attacked  and  a  precipitate  appeared  in  the  fuel  vlthln  24  hours. 
Chromium  plated  mild  stool,  however,  appearod  to  be  aatlsfaotory 
for  about  one  month  before  the  plating  film  broke  down. 

Figure  4  lists  the  rooulta  of  tests  with  non in« tall io  materials 
As  expected,  teflon  and  polyethylene  soemed  resistant  to  attack 
by  tho  fuel.  Vo  voro  surprised-,  however,  when  Kel-F  darkened  after 
one  month's  exposure  and  had  lost  aorns  elnettolty  after  two  months. 
Scran  and  neoprono  both  suffered  attack  within  40  hours,  und  tygon  - 
became  opaque  and  hardened  in  loss  than  one  day,  apparently  due, 
at  least  In  part,  to  loaehlng  of  the  plasticiser. 

An  unusual  feature  of  using  ammonium  thiocyanate  in  hydratin* 

Is  the  solvolytlo  reaotion  which  occurs.  Figure  5  Illustrates  the 
hydrasinolysls  of  ammonium  thlocyanatei  hydrazine  and  ammonium 
thiocyanate  are  in  equilibrium  with  hydru/onlum  thlooyanate  and 
ammonia.  Obviously  If  the  solution  is  in  an  open  ayetom,  ammonia 
will  bo  lost,  and  tho  composition  will  change .  This  is  undesirable 
because  the  ammonia  appears  to  depress  the  visooeity,  In  order  to 
otudy  tho  effeot  of  allowing  ammonia  to  escape,  a  surveillance 
teat  was  made.  Samples  of  freshly  prepared  30  percent  ammonium 
thiocyanate  solution  in  hydrazine  were  placed  in  a  free ring  point 
cell  and  in  a  visooeity.  pipet  and  alloved  to  stand  at  ambient  room 
tomperature,  protected,  but  vented. 

Figure  6  Indicates  tho  ohange  that  occurred  in  the  visooeity 
of  tho  fuel  upon  otand.lng  *t  ambient  tempura tur* .  The  temperature 
of  theae  vlsooslty  measurements  was  -40°C.  In  a  period  of  35  days 
the  vlooosity  increased  from  about  20  to  53  contistokes,  which  of 
course  is  beyond  the  limit  of  aooeptanoe. 

Figure  7  shove  the  change  that  ooourrod  in  the  freezing 
point  of  tho  solution  after  standing  36  days  at  doom  temperature. 

1*  dropped  from  -46  to  about  -50,  where  it  appeared  to  level  off. 
Again  this  ohange  is  attributed  to  lose  of  ammonia. 
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(  la  addition  to  thrse  solutions  vhloh  vtrj  stored  under  vented 

ooaditions  a  sample  of  the  original  solution  was  stored  in  a 
pressure  tight  bottle.  At  the  ..id  of  3?  days  the  freezing  point 
sad  viscosity  were  virtually  unchanged,  indicating  that  careful 
handling  and  storage  are  nvoess&ry  to  preserve  the  composition 
therefore  the  desired  freezing  point  and  visaoslty  of  the  solution. 
Attempts  to  analyte  these  solutions  have  not  been  completely 
•atiafaotory  but  have  revealed  one  important  fact;  those  solutions 
vhloh  vere  stored  under  vented  conditions  lost  from  ijo  to  [HJ 
Percent  of  the  available  awaonla. 

To  investigate  the  possibility  of  . depressing  the  freeting 
point  even  lover  vithout  increasing  the  velght  of  ammonium 
thiocyanate,  the  use  of  mixed  additives  vas  considered; 

Plguro  8  is  a  plot  of  freezing  point  vs  the  composition  or 
additive.  Water  and  ammonium  thiocyanate  are  utilized  in  various 
proportions,  the  total  amounts  of  both  materials  alvays -equaling 
30  poroent.  The  soatter  of  points  is  quite  pronounced,  probably 
due  to  ammonia  being  lost  in  inconsistently  variable  amounts. 

Hovover  a  trend  is  indicated:  tne  composition  .'vaulting  from 
about  81  percent  water  and  9  percent  of  the  thiocyanate  freezes 
e.fc  about  -59°C.  This  is  about  !'i°  and  13°  lover  than  obtained  with 
30  poroent  vator  and  30.  percent  ammonium  thiocyanate,  respectively. 

Plots  of  thdorotieal  calculations  comparing  spectrin  impulse 
and  density  impulse  versus  propellant  mixture  ratio  are . presented 
in  Figure  9.  j.'hs  oxidizer  is  HFWA  containing  30  poroent  HOj.  It  ; 

is  seen  that  us*  of  the  30  poroont  thiocyanate  fuel  instead  of  I 

hydrazine  dooreaaos  the  thooreti sal  value  of  both  of  these  para¬ 
meters  by  about  3  poroent  vhen  compared  at  Urn  mixture  ration  giving  ■ 
maximum  impulses, 

A  npoolilo  lmjiulso  of  not  loss  than  2t<3  lb  neo/lb  must  be 
obtained  in  practice  If  the  LAR  is  to  moat  dooign  specif ioatlons. 

Theso  plotn  ahov  that  at  least  In  theory  thlB  value  can  be  attained. 

A  large  number  of  static  firings  with  tho  30  portent  thlocynnate 
fuel  gave  an  average  specific  lmpul^s  of  801!  aeoAb,  although  in  a  { 
number  of  firings  values  as  high  au  ?30  lb  neo/Lb  have  been  | 

attained.  It  should  be  pointed  out  that  these  values  are  obtained  I 
by  Integrating  tho  oualllogram  traou  of  combustion  chamber  pressure 
vs  time.  This  includes  the  anomalous  end-effects  of  both  starting 
and  ending  of  burning.  Thus,  the  Instantaneous  specific  Impulse 
during  the  stable  combustion  period  la  actually  somewhat  higher 
than  that  obtained  from  consideration  of  tho  firing  as  a  whole. 
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A  limited  number  of  ground  launched  flight  teats  of  the  LAB 
have  boon  made  vlth  the  30  percent  thiocyanate  fuel  and  the 
reoulta  vere  encouraging.  Burnt  veloaltlea  of  2330  ft/aeo  vere 
attained  vlth  aooeleratlona  up  to  lpG  g'o.  Morn  flight  testa  ara 
scheduled  very  soon  to  test  improvements  In  dealga  and  obtain 
additional  ballistic  data. 

These  dots  are  neoesssrlly  erudo  and  preliminary  since  time  ■ 
for  a  more  comprehensive  and  careful  study  haa  not  been  available 
due  to  tight  scheduling  in  our  development  program. 

The  preoedlng  haa  oovered  the  highlights  of  our  fuel  problem* 
and  our  attempts  to  solve  them.  This  discussion  has  necessarily 
been  of  the  nature  of  a  programs  report,  ainoe  work  la  continuing. 
There  la  still  much  to  be  investigated  and  accomplished. 

Refinance  ' 

1.  NAAI  Report  No.  AL-612,  Sept.  17,  19H8  (Confidential) 

*  *  * 

•  3KCRECY  onpKR  ROYICS,  IT,  3.  PATENT  OWICK 

This  paper  oontains  information  relating  to  ft  pending  patent 
vhloh  la  subject  to  aoorooy  orders  lsauud  by  the  U.  3.  Commissioner 
of  Tatonta  (35  U30  (1952)  lfll-188),  disclosure  of  vhloh  la 
authorized  under  Permit  A  for  the  purpose  Of  thin  eympooluin  and 
lt»  proceedings  only, 
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30MB  THEORETICAL  AND  EXPERIMENTAL  STOTIES  OF  HYDRAZINB 
AND  HYDRAZINE  SYSTEMS  AS  ROCKET  FUELS 

t>7 

Paul  N.  Or  din 

National  AdTisory  Committee  for  Aeroasutloi 


Introduction 

The  interest  in  hydraslne  and  hydraslne  systems  as  rocket 
fuels  and  aa  starting  fuels  for  many  non-hypergollo  propellant 
combinations  la  primarily  due  to  the  high  spaolfic  Impulse  avail¬ 
able,  high  reaction  rates,  and  low  ignition  delays.  Tho  dln- 
advuntagee  of  the  hydrazine  system  which  offeot  Its  position  as 
potential  rocket  fuels  are  Its  thermal  and  shook  stability,  l'roeclng 
point,  toxlolty,  and  oust. 

The  vork  of  the  NACA  on  hydraalne  or  hydraslne  au  n  fuel 
blond  Is  concerned  with  Its  uue  with  fluorine  and  oxygon  bl fluoride 
for  long-range  applications,  with  ohlorlna  trlfluorldo  aa  a  high- 
performance,  storngublu  propellent  oomhl nation,  and  as  starting 
fuolo  for  non-hyporgol  i.o  propellant  systems .  Concerning  tho  use 
of  hydraslne  systems  for  long-range  applications,  ■  tho  thoorotlaal 
performance  of  hydrazine,  hyd ranine /ammonia  mixtures,  and  ammonia 
vltli  liquid  fluorine  and  liquid  oxygen  bifluorlde  at  various 
ahnmbor  pro neuron  and  altitudes  are  presented.  The  report  aloo 
includes  some  experimental  reunite  obtained  in  100-pound  thrust 
rocket  engine a  uclng  tho  hydraslne -ohlorlno  trifluoride,  hydraslne/ 
ammonia  fluorine,  and  ammonia-fluorine  propellant  combinations. 

Also  inoluded  are  tho  re suite  of  ignition  delay  studios  using 
hydraslne  fuel  systems  with  white  fuming  nltrlo  acid  and  hydrogen 
peroxide  and  some  results  involving  the  use  of  tho  hydraelno  system 
as  transition  fuels  for  tha  gasoline -vhlto  fuming  nltrlo  acid 
propellant  oomblnution. 

Theoretical  performance 

Tha  theoretical  performuoe  oaloulatlona  were  based  on  a 
chosen  reaotion  and  exhaust  pressure  and  were  oarrled  out  by  a 
rapidly  convergent,  suooeuslve-approxlisatlon  process  developed  by 
tho  NAOA  as  deeoribed  In  Reforenoe  1.  This  method  was  adapted  for 
use  with  an  IBM  Card  Programmed  Elestronlo  Calculator.  The  aalon- 
lations  vers  oarrled  out  on  tho  basle  of  equilibrium  ooapoaltlon 
during  expansion  rather  than  on  the  assumption  of  constant 
ooapoaltlon  during  expansion.  Experimental  data  from  rooket 
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engines  indicates  that  recombination  takes  place  in  the  exhaust 
nozzle  vith  a  resulting  tendenay  to  approach  equilibrium  composition 
operation  vith  fuels  like  hydrazine,  ammonia,  or  hydrogen  vhere 
hydrogen  is  the  major  component. 

Ferformonoe  calculations  for  hydrazine  and  fluorine  ver*  node 
at  combustion  pressures  of  300,  600,  and  1300  psia  and  at  exit 
pressures  corresponding  to  nozzles  designed  for  complete  expansion 
at  altitudes  of  0,  10,000,  30,000,  40,000,  and  77,2t>0  feat. 

Curves  of  specific  iupulse  at  a  cUanbor  pressure  of  300  psia  plotted 
against  weight  percent  fuel  for  the  3  altitudes  are  shown  in 
Figure  1,  .The  maximum  spaolflo  impulse  for  the  sen-level  curve 
Is  316  pound-«oco>vl;>  por  pound  und  inoraasau  to  a  value  of  411 
pound-uocouds  por  pound  at  an  altitude  of  77,^30  feet,  The  values 
of  spoolflo  Impulse  plotted  agnlnst  weight  pm'oont  fuel  for  the 
throe  chamber  proaaur.'ti)  expendiug  to  son  level  are  ohovn  In 
flgwm  2.  Included  1\  the  figure  are  linos  of  eoautunt  ohainbor 
-ewperaturo  aud  moleo  Ir.r  weight.  The  maximum  ajieoiilo  .lunulas 
vnlucu  are  In  fcho  eli/.htly  i’uol  -r.loh  leulou  *.«i*  litorouHe  fro:n  316 
i-  •  nrt-er  -onduper  povV.  ut  3'h>  p*lm  to  /-o6  poo'-u-snec’vie  por  pound 
ub  1?<i0  pula.  On  filuclla  do  signs  for  lou;;-raini-  aupiirations 
tho  hydvmiue-flvorlne  propull-  -it  ccr.blmtlon  It  is  of 
.!  ntevost  to  kuow  the  op-.ii-.um  p  ji-.Vi.d, uuoe  fit  altitude  n  ■  troll  as  at 
high  chvli  r  pressures.  The  u*  i 1  jh  thooroticil  impales 

ava’lalji  ‘.t  altitude.  from  so*  1 •  vwl  to  77/- to  f'iot  for  rochet 
ist  ant iuu  ahiu-ibu?  pr-  eaves  of  Juo,  LOG,  i,ud  1200  psia  is  sluvn 
In  itgare  3.  The  prtd*.  s^olflo  iup"l»e  valuvs  at  son-’evel  expansion 
Inc  -«r  ■,«  over  16  po.  ownt  in  going  f>  ms  a  c  'a1  bu r  d»c  jk  re  of  300 
put-  tj  1200  pulai  at  <  lbitud  js  of  77,T50  foot,  t).<*  an.  Imusi 
spv  if  to  impulse  'noro'ie  Is  slightly  over  4-  percent  t*  ^u^Ji  tho 
uai'.v  4runbar  pressure  rouge.  Thee  results  indicate  the  iu’po  tanoe 
of  di,  tgu  altitude  an  eu  aid  in  Auto'vlmtng  the  vptlmun  ohfA  <# 
pvuas-pj,  Calau.atious  i  «du  with  sovoial  xo-A-ut  propellant  c<-  *• 
Mnatioi  <  to  dete.vlrs  the  Bopnrate  effect  ef  iueioauiri'  dsuiier 
j-rencU'-v  and  the  uo;'  le  vpadhIou  ratio  are  jvoAr.’-od  in  Rnfcreaoe 
H'Uu  insult*  indicate  that  an  increase  in  speoi.io  impulse 
obtainable  vith  an  Increase  in  ohcmbsr  pressure  1*  almost  entirely 
eaUMsd  by  the  lnareased  expansion  ratio  through  the  notsle. 

K  serious  limitation  in  the  use  of  hydrazine  as  a  rocket  fuel 
Is  Its  fretting  point,  The  use  of  additlvos  to  low*.*  the  fresrlmg 

roint  of  hydrazine  frai*  0°0  has  been  under  invastlgatiom  Up  many 
aboratorles ,  Ajr-oula,  which  is  a  good  rocket  fuel  by  itaeijr,  hem 
been  used  as  an  uddltive  te  lover  the  freezing  point  of  hydrazine. 

In  addition,  the  use  of  hydraslno  as  an  additive  to  ammonia  re suite 
in  a  roduotlon  la  the  vapor  pressure  of  pure  atmonla.  A  fuel 
mixture  containing  60  percent  hydrazine  and  40  peroent  ammonia  has 
a  vapor  prsssure  at  0°0  of  9.7  atmosphsres  compared  to  4.7  atmos¬ 
pheres  for  100  perosnt  aanonit,  Theoretiool  performance  values  of 

>07 

CONFIDENTIAL 

SECURITY  INFOIRMATION'' 


FUEL,  %  wt. 


Th!or*tlo»1  »ptclfia  iitipulM  of  hydro >ln*  with 


S8CZTY  ffirBrnW* 


CONFIDENTIAL 

mixtures  of  hydraslne  end  ammonia  vlth  liquid  fluorine  at  a  ooa- 
buatlon  chamber  pressure  of  300  psla  and  sea  level  expansion  are 
given  In  Figure  a.  The  wexlsium  apecifio  impulse  Increases  linearly 
from  about  311-pound-aeccmds  par  pound  for  100  peroent  ammonia  to 
316  pound -seaonds  per  pound  for  100  peroont  hydraslne.  Similarly, 
a  linear  relationship  exists  betveon  the  chamber  temperatures  (at 
the  peak  speolflo  impulse )  vhloh  vary  from  about  *300°  $  for  ammonia 
to  4420°  K  for  hydra sin#  and  the  exit  tompereture#  which  vary  from 
about  3100°  K  for  ammonia  to  3240°  K  for  hydraslne.  These  calcula¬ 
tion#  lndloate  the  slight  performance  differences  that  exist  between 
the  readily  available  ammonia  and  the  rather  oostly  hydraslne. 

Further  consideration  haa  been  given  to  the  use  of  hydraslne 
and  hydraslne -ammonia  mixtures  with  oxygen  bifluorldo  as  the  rocket 
oxidant.  The  advantages  of  oxygon  bifluorldo  include  its  density 
(1.77  gr/co  compared  to  1.56  gr/oo  for  fluorine)  end  its  potential 
oost  as  an  oxidlser  vlth  reupoot  to  fluorine.  The  high  cost  of 
fluorine  is  a  major  dsterront  In  its  projected  uas  for  long-range 
miaulles,  and  a  deolded  oont  advantage  at  a  alight  lowering  In 
performance  oould  bo  obtalnod  by  the  use. of  mlxturon  of  oxygen  and 
fluorine  olther  an  oxygon  bifluorldo  or  nu  physloal  mixtures  of 
the  tvo.  A  comparison  of  tho  maximum  theo.rot.loal  performanoe  of 
hydraslne  vlth  liquid  oxygen  bifluorldo  and  vlth  liquid  fluorine  at 
300  pula  ohatuber  preuuure  and  at  various  exhaust  preesures  Is  given 
in  Flguro  5  (cample to  theoretical  performance  data  for  hydraslne 
and  oxygen  bifluorldo  published  In  Hof.  3).  Tho  maximum  speolflo 
lwpulso  for  tho  hy d r a 1 1 no -oxygen  bi fluoride  eomhinatlon  at  300  pela 
ohamber  pressure  and  noa-levol  exhaust  pressure  is  298  pound- 
uo court a  per  pound;  at  an  altitude  of  70,000  feet,  tho  maximum 
apoolflo  Impulse  for  the  hydraslne -oxygen  blfluorlde  lnoreaeed 
over  29  percent  to  365  pound-seoond*  per  pound.  In  general,  an 
lworoaae  In  performance  of  approximately  6  peroent  la  obtained  with 
fluorine  as  the  oxidant  as  oomparod  with  oxygen  blfluorlde. 

Tho  ohAiuber  tempers tureo  for  the  hydrasino -oxygen  bifluorldo 
combination  aro  approximately  8  peroent  lower  than  for  the  hydrasine- 
fluorine  and  tho  exit  tempur&tures  approximately  1?  peroent  lover. 

Tho  uoo  of  ammonia  au  an  additive  to  hydraslne  vlth  oxygen  bifluor¬ 
ldo  no  tho  oxidant  has  aluo  boen  Invent! gated,  and  tho  Iheoretloal 
performance  valuer  for  a  chamber  pressure  of  300  psla  and  sea- 
la  vol  uxlt  preasuro  aro  presonted  In  Figaro  6  (complete  theoretiosil 
valuoo  presented  in  Hof.  4).  The  speolflo  Impulse  and  chamber  and 
exit  temperatures  aro  plotted  against  weight  porcent  hydraslne  In 
the  fuel  mixture  and  ohav  tho  increase*  to  be  linear  with  the 
percentage  of  hydraslne  in  tho  fuel  mixture.  The  specific  lwpulso 
Increases  from  291  pound-sooonle  per  pound  for  ammonia -oxygon 
blfluorlde  to  298  pound-eeoonda  per  pound  for  hydraslne  plus  oxygen 
blfluorlde.  The  ohamber  temperature  deoreaeee  from  3940°  X  for 
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todgMlM  to  3798°  X  for  aaaonla  tad  tha  exit  t#ap*»*tur#  froa 
2948°  K  for  hydra*  In  •  to  87220  K  for  aanonia.  th«it  calculation* 
indlant#  tgtla  th«  (light  parrornana*  dlffaraneaa  ootvaan  hydrattn# 
nit  at  pooka t  fuel* ■ 


Th#  raaulta  of  thoio  calculation*  lndiottaJ  th*  dlrootlon  of 
our  axparlnantal  work  Involving  fluorine  tt  th*  oxldimr  tad  hydra- 
tint,  aaaoma,  and  mixture*  of  tho  tvo  at  fualt.  Th#  Initial  fual 
•olootod  vat  a  *0  pa  roan  t  aanonl*  In  hydra  no*  mixture  In  tr  effort 
to  ooareroniao  th#  parfumano*  and  phytieat,  proportl##  of  tha 
hydra# in#  and  aaaonl a,  th#  fro# a lag  point  of  tha  fu#l  nlxtura, 
vnloh  vaa  analyatd  to  ba  27  boroant  aaaonla,  59  paroant  hydraiine, 
and  poroont  vator,  waa  -  3*n  t .  Tha  naxlnua  theoretical  parfovaanco 
of  th#  propollant  ooablnatlon  1#  31*  pound-iaoonda  par  pound.  Tha 
axparlnantal  lnvaatlgatlon  vaa  oarrlod  out  In  100  pound  thruat 
rookat  angina  and  tha  raiulta  publlahod  in  R#f.  3.  A  dlagranaatu 
akotoh  of  tho  100-pound  thruat  unit  uaad  la  ahovn  In  Figure  7. 


Hallun  ooolod  In  a  liquid  nltrogon  bath  vaa  uaad  to  fore#  tha 
propollant*  Into  tha  oontauatlon  ohanhor.  Tha  fuel  nlxtura  vaa 
prepared  by  introducing  volghed  anounta  firat  of  ooaaoroial 
ydraaine  and  than  of  ommU  Into  a  nixing  tank,  Fluor ina  vat 
eondanaad  from  tha  aupply  oylindar  Into  tho  oxidant  tank  vhich  vaa 
maintained  In  a  liquid  nltrogon  bath.  A  photograph  of  tha  thruat 
ataad  vlth  a  rookat  nountad  la  ahovn  In  Figure  A.  Tha  rookat 
anglnaa  vara  doaignod  to  deliver  100  pound*  thruat  at  300  pal# 
ohanbar  proaauro.  A  diaonalonal  akatoh  and  photograph  of  an  annular 
vator  ooolad  angina  art  ahovn  In  Plgure  9.  Tha  axparlnantal 
ipooiflo  lnpulai  la  ahovn  by  Flgura  10  for  a  propollant  nlxtura 
rang#  of  16  to  **  weight  paroant  fuali  tha  theoretical  (Ideal) 
ourva  baaad  on  equilibrium  oonpoaltlon  axpanalon  la  alio  thorn  for 
oonparlaon.  Savaral  dlffarant  typaa  of  Injector*  vara  mvaatigatad 
and  tha  ourvaa  ora  dravn  through  tha  axparlnantal  point*  obtainad 
vlth  a  30  L*  anrln*  ualng  a  1  to  1  lnpinglng  Jot  lnjaotor  vlth  a 
turbulano*  ooll,  a  1-1  lnpinglng  Jet  lnjaotor,  and  a  ahovarhaad 
typo  Injector. 


Th*  naxlnua  porfomaaoa  valuai  in  the  ration  fron  3  7  to  35 
valght  paroant  fual  vara  obtainad  vlth  tha  1-1  lnpinglng  Jat 
lnjaotor  vlth  tho  turbulano#  ooll,  and  follovod  the  theoretical 
curve  vlshln  80  to  90  paroant.  Tho  peak  expet  mantel  value  vlth 
th#  l-i  coil  lnjaotor  of  276  pound-aooenda  par  pound  vaa  obtainad 
at  33  valght  percent  fual  oe~“‘ 
of  313 
metric 


■  vvu  *»^vtwr  vi  pimra-ifcraai  par  pouaa  vuwinmo 

might  paroant  fual  oonparad  vlth  th*  theoretical  naxlnun 
pound -aooonda  par  pound,  at  26  p*reent  fual,  Th#  itoiohlo- 
ratlo  vaa  26.8  paroant.  Spaolfle  In  pul it  valuai  obtainad 
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with  the  50  engine  and  1-1  Impinging  Jet  Injector  were  lover  In 
the  region  of  17  to  35  percent  fuelj  hovever,  In  the  region  greater 
tnau  35  percent  fuel,  the  experimental  performance  with  the  uee  of 
,  lKPlnglng  Jet  injector  without  the  turbulence  coll  was 
52-  y  than  with  the  coll.  The  maximum  experimental  value 

of  277  pound -seconds  per  pound  at  37  percent  fuel  wae  obtained 
with  the  1-1  impinging  Jet  injector. 

Since  the  fuel  oan  be  considered  as  a  coolant,  the  greater 
performance  obtained  in  the  fuel  rich  region  le  desirable .  The 
use  of  a  more  efficiently  designed  turbulence  coll  with  the  1-1 
injector  vould  probably  have  given  even  higher  performance,  inasmuch 
a«  at  weight  peroenfe  fuel*  greater  than  35  percent,  the  angle  of 
the  resultant  propellant  etreem  was  sufficiently  larce  to  mise  the 
turbulence  coil.  Speolfio  impulse  values  obtuiuod  with  the  ahower-  . 
head  injector  were  considerably  lower  throughout  the  completo  fuel 
oxidant  range.  The  theoretical  curve  corrected  for  non-parallel 
rlov  from  the  exhaust  noarle  and  for  the  composition  or  tho  fuel 
percent  water)  la  lowered  approximately  4  percent,  while  tho 
experimental  curve  corrected  for  heat  rejection  and  for  deviations 
from  the  reference  combustion  chamber  pressure  of  300  psla  is 
increased  about  3  percent. 

The  corrected  values  show  a  maximum  theoretical  apeolflo 
impulse  of  301  pound-seconds  por  pound  and  a  oorrooted  experimental 
peak  performance  of  about  *64  pound-seconds  per  pound,  94  percent 
of  the  theoretical  valuo.  Values  of  characteristic  velooity  and 
■hjafc  rujootlon  plotted  against  weight  percent  fuel  are  ohovn  in 
Plgure  11.  Maximum  values  of  0*  were  obtaiued  with  tho  impinging 
jot  turbulenoe  coil  injector.  The  peak  value  of  6820  foot  per 
obtained  at  33  percent  fuel  whioh  compares  favorably 
with  the  theoretical  maximum  of  7080  feet  per  second  at  31  weight 
peroent  fuel.  In  tho  region  from  22  to  40  peroent  fuel,  experi¬ 
mental  values  from  90  to  96  peroent  of  tho  ideal  theoretical  values 
vdx*o  obtained,  Heifc  rejiotion  valuta  of  fca5  to  Btu  par  ooaoad 
per  square  inch  were  obtaiaod  with  the  50  L*  engine  la  vhioh  the 
impinging  Jot  turbulenoe  coil  injector  via  uaod« 

The  results,  in  general,  have  indicated  that  the  attainment 
of  maximum  performance  with  liquid  fluorine  and  n  60-4o  hydraaine/ 
ammonia  ndxture  requires  a  critical  study  of  injeotor  design  in 

reootivity.  Several  runs  were  made  with 
hydraalne  as  the  fuel  using  a  4  oxidant  on  1  fuel  impinging  Jet 
injector,  all  resulting  in  extremely  low  performance.  In  addition, 
f-S?09!,!?1*  auBl3#r  of  funs  made  with  pure  ammonia  as  the  fuel 

a#  vltb  snd  the  hydraalne-aamonla 

mixture,  the  injeotor  design  being  the  orltioal  factor  In  obtaining 
high  performance.  The  experlmantal  performance  obtained  with 
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ammonia  plus  fluorine  Is  ahovn  in  Figure  12.  Various  lnjeotors 
were  Investigated  vith  a  100-pound  thrust  engine  at  a  combustion 
oh&mtar  pressure  cl  300  psla.  Maximum  performance  vas  obtained 
with  a  triplet  type  lnjeotor,  tvo  oxidant  streams  hitting  one  fuel 
stream.  The  suixiaum  opeolfio  impulse  obtained  was  270  pound- 
neoonds  per  pound,  approximately  67  percent  of  the  ideal  theoretioal 
value.  Correcting  the  experimental  values  for  the  heat  rejeobion 
increased  the  peak  performance  to  2?4  pound-second*  per  pound,  SCI 
percent  of  the  theoretical  value  for  the  aotual  noasle  used, 

flinoe  the  problens  associated  vith  the  attainment  of  high 
performance  appear  to  be  similar  for  hjdrasine,  ammonia,  and  mixtures 
of  ths  tvo  vith  liquid  fluorine,  the  NACA  is  continuing  ite  studies 
of  high  energy  propellants  with  the  ammonia -fluorine  propellant 
combination.  The  small  sacrifice  in  performance  in  using  ammonia 
rathor  than  hydrazine  appears  to  b*  warranted  baoausa  of  the  high 
oo s t  and  physioal  properties  of  the  hydras in*. 

Tho  oonsidoration  of  hydrazine  with  ohlorlne  trifluoride  as 
a  high  performance  storageeblo  propellant  somblnation  Involved  its 
experimental  evaluation  in  a  100-pound  thrust,  engine  at  a  ohambor 
presouro  of  300  psla,  Tho  experimental,  apooifio  Impulse  plotted 
against  weight  percent  fuel  for  the  hydrazine -ohlorlne  tril'luorldo 
combination  is  bhovn  in  Figure  13.  (Complete  experimental  results 
publlahod  in  Rof,  6.)  The  Ideal  theoretioal  ourve,  theoretical 
ourvo  oorrootod  for  ths  fuel  and  nozzle  uued  and  the  experimental 
ourve  oorrootod  for  heat  rejection  are  included  for  comparison. 

Tlio  pnak  experimental  value  obtained,  with  a  double  impinging  Jet 
lujootor,  vas  234  pound-seconds  per  pound  at  33  weight  percent,, 
fuel  |  G/3  porosnt  of  tho  ideal  theoretical  maximum  of  264  pound- 
Beoonds  per  pound.  Correcting  the  experimental  performance  for 
tho  hunt  rejection  lnoroaaed  the  peak  value  to  'AG  pound-eeoonda 
por  pound,  approximately  98  percent  of  the  theoretioal  value  for 
the  fuel  and  nozzle  used.  Expcriuontul  values  of  oharaoteriotlo 
velocity  and  heat  rejection  aro  pronontod  in  Figuro  14.  Th# 
maximum  0  value  obtained  vas  5590  foot  por  second  and  the  heat 
rejection  varied  front  0.8  to  1,5  Btu/sooond  per  square  lnoh.  The 
results  of  this  investigation  indicated  the  ease  or  Ignition  and 
high  performance  available.  The  peculiar  shape  of  the  curves 
indicating  a  sharp  rise  in  performance  and  in  heat  rejection  at 
approximately  29  percent  fuel  Is  attributed  to  the  Injection 
systom  used. 

The  third  phase  of  the  NACA  work  with  hydraslne  systems  in¬ 
volved  the  study,  to  a  limited  extent,  of  tholr  ignition  delay 
with  several  oxidizers  and  thnir  application  as  transition  fuels 
for  the  vhlto  fuming  nitrlo  aold-gasollne  propellant  combination. 
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Tho  use  of  small  quantities  of  fluids  that  Ignite  spontaneously 
with  vhlte  fuming  nltrle  sold  vas  investigated  as  Igniter  fluid* 
for  the  Acld-gauollm-  reaction.  The  preliminary ‘Investigation 
vhloh  included  hydraiine  hydrate  as  one  of  the  igniter  fluid*  vaa 
carried  out  In  a  800-pound  thrust  rockofc  engine  and  the  reaulta 

?ublished  in  Reference  9.  With  respeot  to  ignition  of  propellanta 
n  the  unit,  It  vas  found  that  Ignition  sould  be  obtained  at  -85 °F 
vlth  fuel  blende  of  aromatlo  amines  and  trlethylooine  utllltlng 
rod  fuming  nitrlo  acid  as  tha  oxidant.  Satisfactory  Ignition  vaa 
adjudgod  by  sound  and  a  continuously  rising  chamber  preaaure  traoa 
consistent  with  valve  opening  time.  A  summary  of  the  ignition  and 
transition  results  is  presented  in  Table  II. 

At  tomperature  of  40°?,  transition  to  gasoline  vae  obtained 
vlth  hydraslne  hydrate  and  mixtures  of  arou&tic  amines  vlth  vhlte 
fuming  nltrle  &oid  as  the  oxidant.  Por  the  same  vhruat  cylinder 
doalgn  as  vas  used  in  this  investigation,  the  Aerojet  Engineering 
Corporation  has  designed  a  propellant  valyo  vhloh  gives  transition 
from  hydrazine  hydrate  to  gasoline  at  -40°P  vlth  vhlte  fuming 
nitrlo  acid  (Kef.  10).  The  flov  characteristics  of  thslr  main 
propellant  valve  are  such  that  a  small  amount  of  gasoline  enter* 
the  chamber  along  vlth  hydr<v2lne  hydrate  during  the  ignition  phase. 
With  tho  present  engine  configuration,  thin  condition  vas  simulated 
by  suspending  5  percent  gasoline  in  the  hydrazine  hydrate  which 
resulted  in  outlsfaotory  transition  at  -40°P,  When  10  percent 
gasoline  vos  diasolvod  in  the  triethylamlne-orthotoluldlne  blend, 
a  similar  transition  at  -40°P  oould  not  be  obtained. 


Thus,  it  appears  that  in  an  engine  of  lov  oharaoterlstlo 
length,  it  is  necessary  to  introduce  the  gasoline  while  a  sub¬ 
stantial  portion  of  the  Igniter  fluid  la  otill  entering  the  chamber 
and  reaotlng . 


Conclusion 


Tho  thoorotioal  apeolfio  impulse  for  hydrazine  with  fluorine 
at  300  paia  and  sea-level  exit  pressure  Is  31 6  pound-ssaonde  per 
pound  which  la  tho  maximum  for  chemloal  propellants  oxaeptlng  the 
hydrogen-fluorine,  lithium-fluorine,  and  hydrogen-ocono  propellant 
combinations .  Tho  high  performance  and  density  of  hydrazine  are 
its  main  advantage,  hut  the  coot  and  freezing  point  would  appear 
to  males  its  use  for  long-rungs  missiles  pi' able  mat  leal .  It  appear* 
to  be  moro  advantageous  to  use  ammonia  or,  possibly,  ammonia - 
hvdrazlne  blonds  as  tho  fuol.  The  peak  performance  of  the  ammonia- 
fluorine  combination  is  311  pound-seoonds  per  pound,  slightly  lover 
than  hydrazine  vlth  fluorine,  but  the  ammonia  is  cheap  and  widely 
ueed  in  industry. 
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Hydrazine  alone  does  not  appear  to  have  «n  advantage  over 
ammonia  or  a  mixture  of  tho  two  with  fluorine  with  respeot  to  tho 
problem  of  attaining  poaJc  experimental  performance.  Tho  Injector 
design  problem  ha#  bean  found  to  be  aimtlar  for  tha  three  fuels. 
With  a  limited  number  of  Injector*  triad,  experimental  apeoiflo 
Impulse  values  of  about  90  percent  of  the  thaoratloe.l  have  been 
obtained  for  a  hydrazine -ammonia  mixture  and  ammonia  vlth  fluorine 
in  100  pound  thrust  rocket  engines.  Initial  results  with  hydrazine 
and  fluorine  have  given  extremely  low  values  and  further  Injector 
design  studies  would  be  required  should  work  on  this  combination 
be  continued. 

Hydrazine  and  hydrazine  hydrate  do  appear  to  be  promising  as 
Igniter  fluids  vlth  add  at  moderate  temperatures,  'temperature 
limits  rostrlot  the  use  of  hydrazine)  however,  hydrazine  hydrato 
hue  ignited  satisfactorily  at  -40°?.  Hydrazine  hydrate  has  been 
used  successfully  as  a  transition  fuel,  at  «40°F,  for  the  gasoline- 
whltc  fuming  nitric  add  propellant  combination)  at  muoh  lower' 
temperatures,  however,  other  fuels  are  required. 
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Abstract 

The  theoretical  performance  of  hydrazine  and  hydra z in* - 
ammonia  mixturoa  with  fluorine  and  oxygon  bifluoride  at  various 
chamber  pressures  and  altitudes  was  determined,  Experimental 
rouults  of  the  hydrazine -chlorine  trifluorido,  hydrazine/ammonla 
mixture  -  fluorine  and  ammonia -fluorine  proponent  comblnatlors 
obtained  In  100-pound  thrust  rookot  engines  are  described  and 
dlooucsed,.  Ignition  delay  utudioo  Involving  hydrazine  and 
hydrazine -water  mixture a  vlth  white  fuming  nltrio  add  and  hydrogen 
poroxldo  and  some  roeulto  using  tho  hydrazine  fuol  system  as 
transition  fuels  for  the  gasoline -whit*  fuming  nltrio  aoid  combina¬ 
tion  ar«  presented, 
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DISCUSSION  ON  PAPERS  BY 
URNEST  D.  CAMPBELL  AND  PAUL  M.  ORDIN 


THE  CHAIRMAN i  The  speakers  have  cooperated  beautifully  this 
morning  and  ve  have  some  time  for  disousslon  If  anycno  has  any 
matters  to  bring  up, 

DR,  LEWIS t  Mr,  Ordin,  In  your  first  elide  you  shoved  the 
ohange  of  impulse  with  inoreaeing  altitude.  Were  these  calculations 
made  on  the  basis  of  the  amblont  pressure  or  was  the  pressure  the 
suae  regardless  of  the  altitude?  If  the  letter,  vhat  pressure? 

MR,  ORDIN:  The  pressure*  were  all  at  300  pounds  per  square 

inoh. 

DR.  LEVIS:  In  the  ohamberf 

MS.  ORDIN:  Yes 

DR.  LEWIS:  Tho  pressure  dropped? 

MR.  ORDIN:  It  vas  a  matter  of  expansion  ratio  beoause  the 
exit  pressure  dropped. 

DR.  MILLER:  I  would  like  to  ask  Mr.  Campbell,  in  his  reaction 
between  the  hydra line  and  the  ammonium  thiocyanate,  if  equilibrium 
pressure  measurements  havo  been  made. 

MR.  CAMPBELL:  I.bolleve  that  measurements  are  under  way  at 
this  time  to  measure  .the  pressure. 

DR.  MILLER:  How  high  Is  It? 

MR.  CAMPBELL:  Crudely  speaking  at  6S°0,  i  think  probably  in 
the  naturo  of  about  3  atmospheres, 

MR,  WILSON i  A  question  of  Mr.  Campbell.  Were  tho  freesing 
points  taken  of  tho  thiooyonlo  sold  in  it  or  the  equilibrium 
ammonium  solution? 

MR.  CAMPBELL:  la  the  preparation  of  solutions  there  ,1s  some 
ammonia  loss  during  the  preparation  If  it  is  in  an  open  system. 

HR.  WILSON:  What  peroent? 
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MR.  CAMPBELL:  Thera  is  a  distinct  loss,  probably  In  the 
nature  of  about  80  peroeut  of  the  available  ammonia  If  it  ia  In  an 
open  system. 

Mil,  R.  A.  McALLISTER  (Georgia  Institute  of  Technology}:  X  • 
vould  like  to  ask  Mr.  Ordin  to  desorlbe  the  turbulenee  coll,  and 
to  name  its  material  of  eomtruotlon. 

I  '  ■  1  .  * 

MR.  ORDlNt  The  rocket  engines  used  for  the  fluorine  vork 
voro  made  of  niokel,  brass,  and  copper.  We  have  a  number  of  rooket 
engines  made  of  these  materials  ana  they  all  vork  quite  veil.  The 
engines  used  have  been  vater  cooled.  The  turbulence  colls  oonslsti 
of  copper  dolls  and  vsre  so  designed  to  permit  the  resultant  of  the 
fuel  and  oxidant  stream  to  impinge  on  the  coll  vhen  operating  the 
engine  through  a  vids  fuel  oxidant  ratio.  The  fuel  ratios  could 
be  varied  by  changing  the  pressures  on  ths  propellant  tanks.  Ths 
obange  in  fuel  oxidant  ratio  vould,  hovever,  ohange  tho  angle  of 
the  ronultant  stream  and  for  several  ot  the  runs  the  angle  vaa 
sufficiently  groat  to  miss  the  noil.  Thu  turbulence  oo.ll  vaa 
essentially  a  single  coll  placed  in  front  of  vhore  It  vas  felt  the 
resultant  streams  vould  bo  for  most  of  the  runs.  The  turbulenee 
coll  vas  vater  cooled. 

MR.  BRADFORD  DARLING  (Massachusetts  Institute  of  Technology): 

I  vould  like  to  ask  Mr.  Campbell  to  describe  the  technique  of  the 
ignition  delay  measurement. 

MR.  CAMPBELL:  We  have  a  metal  chamber  vhioh  oan  be  plaoed  in 
a  thermostated  box  to  attain  any  dosired  temperature.  Roar  the 
bottom  of  tho  chamber  is  a  small  concave  cup.  Tho  propellants  are 
injected  to  drapingo  on  or  near  the  surfaoe  of  the,  cup.  We  alvaya 
lead  vlth  a  small  amount  of  oxidizer  first.  This  triggers  a  sweep 
circuit  on  an  onollloaoopoj  a  photo  cell  senses  the  appearance  of 
flame  and  stops  the  timing  measurement. 

MR.  DARLING:  What  in  the  magnitude  of  the  leadf 

MR,  OAMPBELL :  In  the  neighborhood  of  about  1  millisecond. 

It  is  calibrated  oaoh  time, 

THS  CHAIRMAN:  That  neems  to  bo  all  tho  questions.  What  vas 
Interesting  to  me  vas  ths  fact  that  the  first  speaker  mentioned 
the  efforts  of  a  manufacturer  to  bring  down  tho  cost  and  almost 
every  subsequent  speaker  mentioned  that  one  of  the  considerations 
vas  the  cost  of  the  material  vs  are  dealing  vlth.  I  think  you 
aro  all  to  be  oongratulatod  on  being  so  oost  consoious. 


&  - 


CONFIDENTIAL 

f 

•  NOL  PROGRAM  POH  THE  INVESTIGATION  Or  TKB 
HYDRAZINE  MONOPROPELLANT  SYSTEM  FOR  OTJN  APPLICATION 

by 

,  Louie  LoFlego 

'  U.  3.  Naval  Ordnance  Laboratory 


1  The  Bureau  of  Ordnance  assigned  NOL  a  general  tank  for  ttao 

l.  ■  Investigation  of  tho  hyd  raelrie  -hydra  el  no  nitrate -water  monopro- 

>'  pnllant  system.  In  the  discussion,  that  follows  the  tri- 

I  component  mixtures  used  la  this  system  will  be  referred  to  simply 

!.  as  hydraaino  mixtures.  The  purpose  of  this  discussion  Is  to  . 

i  outline  what  has  boon  done  at  the  Laboratory  and  briefly  describe 

the  program  now  being  conducted. 

Three  roports  to  date  have  been  published  In  connection  with 
the  Laboratory  studios  of  the  hydrazine  mixtures.  NAVORD  SPSS 
dated  February  1958  covers  the  investigations  of  the  physical 
and  ohemioal  properties.  Densities,  ref motive  indices,  freesing 
'■  points,  sensitivities,  impetus  values,  and  vapor  pressures  of 

various  hydraxlno  mixtures  are  reported,  NAVORD  2563  dated 
1  August  1952  oovers  detonabllity,  stability,  and  compatibility 

{  studies.  Another  paper  presents  details  of  the  dotonability 

studies.  Stability  and  compatibility  studies  will  be  briefly 
1  preoentod  later  in  this  dloousslon.  NAVORD  2715,  nov  being 

processed,  donoribea  analytical  procedures  devo-lopod  at  NOL  and 
presents  additional  compatibility  data.  Tho  paper  describing 
analytical  procedures  has  been  cade  available  to  members  of  this 
Symposium, 

.  I 

At  present  the  program  includes  five  tasks. 
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Initial  determinations  of  the  linear  burning  rate  of  various 
hydraaino  mixtures  are  being  made  in  equipment  that  will  permit 
studiea  up  to  30,000  pel.  A  diagram  of  the  equipment  is  shown  in 
Figure  1.  Tho  system  is  filled  with  nitrogen  from  a  standard 
oylinder  through  valves  A  end  B.  Tho  oil  reservoir  is  at  atmos- 
pherio  pressure.  Valve  A  la  dosed  and  pumping  le  started.  This 
pumps  oil  Into  the  compression  oylinde”,  thereby  oompreasing  the 
nitrogen.  When  tho  compression  oylinder  f«  nearly  filled  with  oil, 
valve  B  is  dosed  and  the  oil  returned  to  the  reservoir  through 
valve  0  using  tank  pressure.  The  oyde  Is  repeated  until  the 
desired  pressure  le  reached.  Figure  8  lo  a  photograph  of  the  burning 
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BURNING  RATE  BOMB  ASSEMBLY 


rata  tuba  assembly  attached  to  the  bomb  cap.  The  column  of 
liquid  in  the  vyoor  tube  is  ignited  by  a  hot  coil  and  tha  rata 
la  determined  by  t  aories  of  burn-out  vlroa. 

The  Bureau  of  Ordnance  requested  the  Laboratory  to  Investigate 
the  ooBbustion  of  the  hydratlne  mixtures  in  a  oloaed  system  up 
to  80,000  pel.  Dr.' Noonan  of  tha  Laboratory  haa  ajeembled  a  high- 
pressure  system  (Figure  3)  that  vill  permit  burning  rate  studies 
up  to  100,000  pal.  Nitrogen  gas  is  fed  into  the  syateut  from  a 
group  of  ueries-oonneoted  gas  oylindere.  The  first  stage  ooa- 
sluts  of  a  double-acting  liquid  pump  with  two  low-pressure 
accumulators  (Ci  and  Co).  Oil  1*  supplied  to  the  pump  at  1000 
pal  by  a  pump  butveun  the  first  stags  and  the  oil  reservoir. 
Movement  of  the  piston  pulls  gas  into  ono  accumulator  while 
compressing  the  gas  into  the  other  accumulator.  The  check  valves 
prevent  the  gas  pressure  from  backing  into  the  supply  tanks. 

Tho  second  stage  automatically  takes  over  when  the  first 
stage  roaches  a  proosura  of  approximately  15,000  pel.  The  punp 
fore ta  oil  into  aoauinulatora  D,  and  Dg,  where  a  system  of  check 
valves  permits  the  high -pro  a  sum  gan  to  bn  fed  into  the  bomb 
and  prevents  uny  gas  flov  into  tho  first  otuge.  The  nequenoe 
vulva  is  presaurs -operated  and  switches  from  Stage  2  to  Stage  1 
when  the  pressure  between  stages  dropo  to  a  pro-set  value. 

Figure  4  is  a  photograph  of  the  hlgh-preesuro  assembly.  The 
aeiiCiuhly  is  operated  by  remote  oontrol  behind  the  barricade 
shown .  . 

Teak  g  --  Ignition  Studies.  A  dosed  bomb  es  shown  in 
Figure  ‘j  will  bo  used  IntYioee  studies.  Tho  bomb  has  a  diaphragm 
that  will  shear  chon  pressures  exceed  4,000  pel.  It  le  felt  that 
sustained  burning  of  the  liquid  mixture  vill  oaour  if  pressure* 
of  tills  order  arc  obtained  in  Use  bomb.  It  is  planned  to  vary  the 
lr.ri.itng  density  of  tho  bomb.  A  study  of  the  P-T  curves  that  will 
be  reoorded  during  ignition  and  combuetioh  may  provide  a  basis  ■ 
of  comparison  of  the  various  ignition  systems  that  will  be  In¬ 
vestigated.  Experimental  pyroteohnlo  mixturoe  that  havo  teen 
prepared  at  tho  Laboratory  in  connection  with  solid  propellant 
ignition  studios  will  be  Investigated,  along  with  other  conven¬ 
tional  ignition  systems. 

,  dtobmu  Stability 

and  compatibility  atiT.iles  have  been  conducted  at  ambient  tempera¬ 
ture  In  tho  closed  nynbem  shown  in  Figure  6.  Various  materials 
were  placed  in  contact  with  representative  hydrasine  mixtures  and 
ohangoa  In  pressure  in  the  system  noted.  Control  solutions 
providod  a  reference  indicator.  The  stability  of  the  oontrol 
solutions  was  oonsldorod  satiafaotoryj  however,  there  was  an 
initial  reaction  that  oeaoed  onoo  the  oxygen  in  tho  oloaed  system 
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was  consumed.  Teflon,  nylon,  polystyrene,  polyethylene,  tantalum, 
and  titanium  were  found  compatible  with  the  hydrazine  mixtures. 
Contradictory  results  were  obtained  with  T3  aluminum. 

Compatibility  studies  at  l6o°F  have  been  planned.  The' 
solution  and  material  to  be  tasted  will  be  placed  in  a  olosed  tube 
vlth  a  horisontul  oloacd-and  aalibrotod  manometer.  The  tubo  will 
bo  planed  in  a  bath  and  pressure  oh&nges  in  the  closed  system 
will  be  noted. 

Task  4..-«  Impetus  Measurements.  One  of  the  requirements 
specified  by  the  bureau  of  ordnance  for  the  hydx'asine  mixtures  is 
a  minimum  impetus  of  250,000  ft  lb/lb.  A  closed  bomb,  Figure  7 , 
has  boon  used  to  determine  the  imputus  of  various  hydrazine 
solutlonu.  Tho  peak  pressure  developed  in  the  bomb,  multiplied 
by  tho  volume,  provldeu  a  PV  value  that  is  a  measure  of  the 
Impetus,  Somo  of  thuue  sionaurements  ai-e  reported  In  NAVORD  USDS. 
Additional  measurements  will  be  made  correcting  for  covolumo  and 
loss  of  preuuuro  due  to  cooling.  All  compositions  that  hove  an 
impetus  in  ths  order  of  250,000  ft  lb/lb  will'  be  oheokod  by  NUT 
calculations . 

Task, 5 . —  Oe termination  of  the  Shook  Sensitivity  of 

Hydrazine  Mixtures"  The  purpono  oi' TTToTie  studies  la  to  deturminu 
■how  Tills  shook  sensitivity  of  tho  hydrazine  mixtures  oouipares  to 
tho  solid  propollant.n  now  being  used  in  guns  and  rocket  motors. 

Tho  tent  procedure  uuart  for  determining  the  dotoiiubilUy  of  the 
hydrazine  of  tho  hydraxino  as  described  in  Mr.  Dwiggino 1  paper 
will  be  modified  to  include  plastio  dlsos  between  the  tetryl 
pellet  and  the  hydrazine  solution.  Tho  number  of  discs  required 
to  prevent,  the  detonation  of  hydrazine  solution  by  the  tetryl 
will  he  usnd  uu  a  basis  for  comparing  the  sensitivity  of  the 
hydrazine  mixtures  with  ether  solid  propellatita. 
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CATALYSTS  FOR  THE  THERMAL  DECOMPOSITION  OK  HYDRAZINE 
WHEN  USED  AS  A  MONOPROPELLAliT  OR  AS  A  GAS  GENERANT 

by 

Arthur  K.  Grant,  Jr, 

Jet  Propulsion  Laboratory,  California  Institute  of  Technology 


Abstract 

The  use  of  hydras  Ins  ns  a  mono  propellant  or  as  a  gas  go  ne  rant 
involves  its  adiabatic  thermal  decomposition.  In  order  to  obtain 
the  complete  decomposition  of  hydrazine  in  reaction  chambers  of 
reasonable  size  and  weight,  it  is  necessary  to  use  oatalyats  which 
lnoreaee  the  rate  of  decomposition  of  the  hydrazino.  For  thia 
purpose,  a  catalyst  consisting  of  metallic  iron,  niolcel,  and 
cobalt  deposited  on  porous  aluminum  oxide  pellets  was  developed 
and  tested*.  With  this  catalyst,  optimum  performance  of  hydrazine 
ao  a  monopropellant  was  achieved  with  a  re&otion  time  of  lose 
than  3  milliaoc.  The  decomposition  gases  produced  with  i.hle 
catalyst  and  maotion  time  contained  about  30  mol  per  cent  ammonia 
and  had  an  average  molecular  weight  of  about  1*1  lb /mol ,  The 
temperature  of  the  gases  leaving  the  catalyst  bed  vas  about  1850°K. 

Ir.  the  use  of  hydrazine  as  a  gas  generanfc  It  le  desirable  to 
decrease  the  molcoular  weight  and  temperature  of  the  decomposition 
gases  through  the  oomploto  dissociation  of  tho  ammonia  whloh  la 
formed  through  the  initial  thermal  decomposition  of  hydrazine. 

For  thia  purpose  an  ammonia  decomposition  catalyst  consisting  of 
F03O4,  K^O,  and  A'lgO,  vaa  developed  for  use  in  aeries  with  the 
ofttalyet^describod  in  the  paragraph  above.  With  this  combination 
of  oatalyats  using  a  total  reaction  time  of  about  SI  milllseo  It 
was  found  possible  to  generate  gases  at  about  l450°F  which  con¬ 
tained  approximately  is  mol’ per  cent  ammonia  and  hAd  an  average 
molecular  weight  of  13  lb/mol. 

Because  of  the  high  freezing  point  (34°K)  or  pure  hydrazine, 
ltu  uao  as  a  gaa  genorant  and  raonopropellaat  is  greatly  limited} 
however,  it  has  been  found  possible  through  tho  addition  of  hydra¬ 
zine  nitrate  and  water  to  hydrazine  to  produce  mixtures  which 
freezo  below  -40°F  and  which  may  be  used  as  efficient  monopropell¬ 
ants  and  gas  generauts.  These  mixtures  have  been  successfully 
tested  with  the  catalysts  described, 

*f ilia  papa r  reprseonts  the  results  of  one  phase  of  research  oarrled 
out  at  the  Jet  Propulsion  Laboratory,  California  Institute  of 
Technology,  under  Contract  No.  DA-04-495-Ord  18,  sponsored  by  the 
Department  of  the  Army,  Ordnanoe  Corps. 
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Sinco  surly  1948,  the  Jot  Propulsion  Laboratory  has  boon 
engaged  In  the  development  of  hydraalne  ao  a  monopropsllant  and 
aa  a  gas  gone rant  for  uao  in  the  preesurlaatlon  of  the  propellant 
tanks  of  roelcot  vehicles .  This  paper  la  a  summary  of  the 
oataljst -development  work  which  was  oarrled  out  lu  connection 
with  this  program. 


The  thermal  decomposition  of  hydraslno  apparently  proceeds 
In  l  stepwise  u&nnor  which  may  be  represented  by  two  consecutive 
reactions,  as  follows j  ' 

3  -  4mij(g)  +  Ng(g)  +  80JL5  koal  “  (l) 

4mt3(g)  »  2»2(g)  +  &f8(g)  -  44.00  1toal  (Si) 

When  the  decomposition  of  hydraalne  is  carried  out  udia- 
batloally  at  moderate  pressures  (less  than  1000  pels),  chemical 
equilibrium  favors  the  completion' of  both -reactions.  Eovever, . 
reaction  (?)  ie  generally  much  slower  than  roaotlon  (1);  thus  in 
practical  systems  In  vhloh  tho  reoldence  time  Is  limited  by 
considerations  of  weight  and  apace,  the  ammonia  oannot  he  com-  - 
plotely  diaooolated.  Therefore  reactions  (1)  and  (S)  have  been 
oombined  to  give  tho  following  expression*,  in  which  X  represents 
tho  fraction  of  the  ammonia  which  ie  dissooiatedt 

3V*4  «  4(1  -  X)NHj  *  (l  s  ex)N2  +  (SXHp  +  (80.15  -  44.00X)  Iccal  (3) 

Using  this  equation  the  influenoe  of  X  on  the  performance  of 
hydraslno  as  a  monopropellant  and  a  gas  genurant  vae  calculated 
(Of.  Hef,  1).  From  figure  1  it  oan  be  seen  that  tho  oharaoterlatlo 
velocity  o*  and  apeciflo  impulse  Iatl .are  virtually  couetant  until 
about  50  peroent  of  tho  ammonia  has'oeen  dissociated.  Beyond 
thle  point  both  parameters  fall  quite  rapidly  as  X  lnoroasee. 

Both  the  adiabatic  re&otlou  temperoturee  T-  and  the  average 
molecular  weight  of  tho  decomposition  gases  M„  deorraee  steadily 
as  X  increases.  B 


The  efficient  ueo  of  hydraalne  In  any  application  requires 
the  completion  of  reaction  (1),  whereas  the  extent  of  the  completion 
of  reaction  (2),  l.e.,  the  value  of  X  In  Equation  (3),  vhloh  is 


used  m  this  paper  is  listed  in  Table  I. 
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TABLE.  I  ... 

■mmaLATsaa 

i  •  :  I  ■ 

characteristic  velocity  (ft/eeo) 
specific  impulse  (»eo.) 

.  characteristic  length  (la) 

average  melenular  v eight  of  decomposition  gases  leaving 
reaction  chamber  {lb/«ol) 

f  •  ■  t  . 

pressure  at  unit  of  reaction  chai/ber  (pels) 
perfeot  gas  constant  (psl )  (coj/fmol)  (°R) 
adiabatic  rinotion  temperature ','-(*H) 
volume  of  reaction  climber  or  oataiyet  cod  (oc) 
fraction  of  lunvcmla  diseoolated 

resldonoo  tiu.o  in  reaction  chamber  or  oatalyut  bed  (boo) 
hydruelne  injection  rate  (ib/aeo) 
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required  for  tho  optimist  performance  of  hydrazine  la  a  given 
application,  ie  dependent  on  the  nature  of  the  application. 

When  hydrazine  Is  used  as  a  mono  pro  pell  ant  In  a  rockot,  motor.  It 
la  desirable  to  operate  at  as  low  a  oh&mber  temperature  as 
po^olblt*  and  at  the  aamo  time  to  obtain  near  maximum  I  .  For 
thia  typo  of  application,  therefore,  it  is  desirable  topdisacolate 
from  30  bo  30  peroent  of  the  ammonia.  When  hydraalne  la  to  be 
used  as  a  source  of  energy  for  gas  turbines,  It  la  mioeaeary., 
for  aeohanioal  reasons,  to  peduoe  ths  temperature  of  the  gaaea  to 
1800°F  or  less.  For  ouch  applications,  thorofore,  it  IS  necessary 
to  dluooclat*  at  least  52  percent  of  tho  ammonia.  For  high- 
temperature,  isobario,  presaure*diaplaoeaent  systems,  e.g., 
catapults,  optimum  performance  is  achieved  vhon  MgAc  1*  *t  * 
minimum,  For  pure  hydrazine  thia  optimum  performance  is  achieved 
vhen  about  43  percent  of  the  ammonia  la  dissociated.  In  lov- 
temperature,  isobario,  pressure-dlsplaoement  systems  (l.e,, 
aystemu  in  which  the  «au  temperature  must  be  less  than  1100°F  as, 
for  example,  in  propellant  tsnW  pres  surging  systems  in  rookets), 
the  maximum  efficiency  of  hydrazine  as  a  gas  gone rant  la  aohtevod 
vhon  all  tho  ammonia  haa  been  dissociated  00  that  gaaea  of  minimum 
moleoulur  weight  are  produood. 

Einaiis* 


Tho  extent  to  which  reactions  (1 )  and  (2)  can  be  oompletnd 
in  a  given  reaction  chamber  is  dependent  on.  the  rates  of  the 
reactions  and  the  reeidonoe  time  oil  provided  by  the  reaotlon 
ohamber  where  stay  be  defined*  as  follovaj 

(p0/^)(MgATfl)  V0  (4) 

In  a  specif lo  application  p,  and  u>  are  fixed  by  faotore 
related  to  the  partioulur  Application,  whorefts  the  value  of  the 
ratio  M'/J'g  required  for  optimum  performance  Is  determined  by  the 
uae  vhlch  Id  to  be  made  of  tho  decomposition  ns sas.  As  a  .result, 
the  residence  time  can  b«  varied  only  by  varying  the  volume  of 
the  reaction  chamber . 


In  most  praotlcal  systems,  the  volume  of  the  reaotlon  chamber 
must  bo  limited  in  order  to  conserve  voight  and  space.  Therefore 


♦Equation  (4)  is  based  nn  conditions  at  tho  outlet,  of  tho  oatalyat 
bed  and  on  tho  total  volume  of  the  rsaotlon  chamber  or  catalyst 
bad.  Hovevor,  there  are  vide  variations  in  T  ,  Mtf,  and  to  «» 
lesser  extent  in  p0  throughout  the  reaction  cfiambSrj  when  a  catalyst 
1s  used,  tho  true  gas  volume  ie  the  volume  of  tho  chamber  leas 
the  volume  occupied  by  the  oatalyst  partioles,  Aa  a  result, 

Equation  (4)  give*  only  an  approximation  of  tha  true  residence  time. 
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the  praotloal  itUlaMit  of  tha  offlolont  um  of  hydraslns  as  * 
gas  gonaraat  or  at  a  aoaopropellaat  raqulras  that  raaottoae  (1) 
and  (8)  prooaad  quits  rapidly.  » 


Whan  tha  adlabatla  dsoeanosltloa  of  hydraalns  la  aarrUd 
out  la  tha  abaanaa  of  satalysts,  raaatlOM  (1)  and  (8)  woood 
quit#  alovlyi  thus  a  Hilai  ro  a  Ida  as  a  tlao  of  about  55  jAlli  aoo 
la  roqulrod  la  ordar  to  poralt  tha  taaaratloa  of  laaaavhioh  ara 
froo  of  dotootab&o  oenaeatratlooa  orhrdrailao,  i.a..  la  ordar 
to  brlac  roaetloa  (lTte  a capiat Ion.  With  thla  roaldooca  tlao, 
vhloh  la  a  rocket  actor  oorroapoada  to  aa  L*  of  about  800  inches, 
qhaaloal  analysis  of  tha  doaonpnoltlon  xaaaa  itewd  that  roaotlon 
(a)vaa  loss  than  50  porooat  ooaplata ,  XaorMslng  tha  rooldoano 
tlao  ro  suit  ad  la  only  a  alltfit  Increase  la  tho  aaouat  of  amnnla 
vhloh  vas  dlssoolatod.  has  tha  so  fasts  It  oaa  bo  soon  that  thr 
offloloat  uso  of  hydrailso  as  a  aoaopropellaat  or  as  a  gas 
ganoraat  la  raaotlea  ahsshora  of  asdsrato  also  require*  tho  u|* 
of  catalysts  vhloh  laoroaaa  .as  rates  of  roaatlaaa  (1)  and 


(ft). 


aaiai  tua—i 

Provlous  studios  (Of.  hsf,  ft)  ladlsatod  that  tho  thaiaal 
deooaposltloa  of  hydraalns  is  a  hats roasaa out  roaotlon  vhloh 
apparoatlr  proooods  for  tho  asst  part  La  tho  vapor  photo.  Tha 
rata  of  tho  doo sags  siting  rasstloa  vas  found  to  bo  aurhadly 
laoraasad  by  a  largo  varloty  of  surfhoos.  tho  ox  toot  of  tha 
laoroaso  la  tho  rats  of  tha  roaotlon  prodosod  by  a  aivan  surfaoa 
bains  dlrootly  proportional  to  Ito  aroa  la  oontaot  vlth  tho  hydra  - 
alna.  Amu  tho  natorlals  vhloh  voro  tostod,  It  vas  found  that 
Iron,  nlokol,  and  oohnlt  pars  tha  hlghsit  spaslfle  aurfnoa 
aotlvltlsa . 


la tad  on  tho so  studios.  It  via  ooasludod  that  la  ordar  to 
bo  offootlvo  a  oatalyst  vould  havo  to  aost  tho  follovlag  orltarlai 

1.  Bars  a  high  ualt-aurfaoo  aotlrlty. 

s.  Ixpoas  a  laris  surfsoo  par  ualt  velum  la  order  to 
psmlt  the  devslepmat  of  s  largo  surfaee  la  a  roaetloa  shshbsr 
of  nods  rats  also . 


5.  Have  o  high  thorns!  oonduotivlty  so  that  tho  rata  of  tha 
vaporisation  pro  ossa  aowld  ho  laoraasad  by  tha  traatfor  of  boat 
through  tha  solid  oatalyst  trm  tha  hlgk-tsapsratur*  regions  to 
tho  lov-tongoraturo  tnlat  regions  of  tap  oatalyst  bad  and  thanoa 
to  tho  laetalag  hydras lna, 

t.  have  a  auffiolontly  high  mlting  paint  to  prevent  fusion 
at  all  tanporaturos  ontountorod  la  tho  adlahatlo  dooonpoaltloa  of 
hydraalno. 
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5.  Have  sufficiently  high  mechanical  strength  to  provent 
powdering  and  packing  during  use. 

In  order  to  satisfy  the  last  four  orlteria,  it  wan  necessary 
to  uoe  porous  pellets  of  a  refractory  material  ao  the  catalyst 
support.  For  this  purpose,  porous  cylinders  of  aluminum  oxide 
having  a  nominal  alto  of  JAo  inch  vere  selected.  In  order  to 
produce  high  unit-eurfaoe  aotivltjr,  these  pellets  were  impreg- 
nated  with  concentrated  aqueous  solutions  of  the  nitrates  of  iron, 
nickel,  and  cohalt,  either  neparotdly  or  in  various  combinations. 
After  the  saturated  pellets  hud  been  dried,  they  wore  tooted  in  a 
reaction  chamber  similar  to  that  shown  in  Figure  S.  Seventeen 
catalysts  of  this  goners,!  typo  were  tested.  Of  these  seventeen, 
the  most  satisfactory  catalyst  consisted. of  an  equimolul  con¬ 
centration  of  metallic  iron,  nickel,  and  cobalt  on  tho  alumina 
support,  the  reduced  catalyst  contoinlnc  a  total  of  approximately 
11  weight  percent  of  the  free  metals.  With  this  catalyst  (Of. 

Ref.  27  which  has  been  designated  K-7,  it  was  round  poonlble  to  , 
bring  reaction  (l)  to  completion  with  a  residence  tiu»  2.3 
■ill  1  ooe  (ii*  of  about  55  itt.j. 

A,  Catalyst  Performance 

1.  Temperature  Profile.  Figure  2  shows  the  equlllbrium- 
hemporuture  profile  obtained'  with  the  H-7  catalyst  In  a  reaotlon 
chamber  similar  to  that  shown  in  Figure  4.  TJUs  profile  was 
measured  at  a  chamber  pressure  of  200  psla  and  a  flow  rate  of 
hydrazine  of  about  0.20  Ib/sec.  The  ourvo  is  a  plot  of  the 
temperature  of  the  oatalyst  bed  at  a  given  point  In  the  reaotlon 
ohomber  against  tho  residence  time  provided  by  the  volume  of 
catalyst  lying  upstream  from  the  point.  The  temperatures  wore 
measured  by  means  of  five  ehromel -nlumol  thermocouples  enclosed 
in  thln-vall  thermowells  located  at  2-lnch  intervals  down  ths 
length  of  the  ohamber,  Ths  total  residence  time  in  the  chamber 
was  23  milliseo.  Tho  residenoe  time  in  the  catalyst  volume 
lying  upstream  from  a  given  thermocouple  was  variod  through  the 
removal  or  addition  of  pellets  at  tho  upstream  end  of  the 
oatalyst  bed. 

Tho  tempore ture  profile  shows  that  tho  hydrazine  vhioh 
enters  the  reaction  chamber  at  room  temperature  undergoes  little 
thermal  decomposition  upstream  from  tho  oatalyst  bed.  In  the 
oatnlyst  bed,  in  the  region  0<®Q  <0.5  milliseo,  the  temperature 
of  the  advancing  stream  rises  rapidly  to  the  boiling  point  of  . 
hydrazine  at  ths  existing  chamber  pressure  and  then  probably 
remains  constant  for  a  short  time  until  all  of  the  hydrazine  has 
boon  vaporized,  it  wan  pointed  out  previously  that  the  thermal 
decomposition  of  hydrazine  Is  largely  a  vapor-phase  reaction. 
Consequently  it  lias  been  conoludsd  that  in  the  entfsnoe  section 
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Figure  8.  Hydra* In*  Catglyti  Te»t,  Chosbar 
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RESIDENCE  TIME  W  VOID  UPSTREAM 
FROM  CATALYST  BED  !  ! 


•REACTION  {!)  COMPLETE,  | 

I  REACTION  (2),  25  TO  SO 
PER  CENT  COMPLETE 


(900  — 
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@  1000- 


3001- — I- 


-•  2NHg  ■  N2  ♦  3Hj- 22.00  htol 
■  I  AND.  HEAT  LOSSl  j 


3NjH4  .  4NHj  ♦  Nj  ♦  20.13  kcol 


AND  SAME  NHa  DISSOCIATION 

CHAMBER  RESI3ENCE  TIME  •  25  InillliM 
■  HYDRAZINE  FLOW  RATE  •  0.50  Ib/MC 
f>,  »  300  p#i,  CHAMBER  DIAMETER  •  2  In.  (Cl  Rtf  3) 


r-- REGION  OF  N.H.  VAPORIZATION 

I  I  I*  I  I _ L 

-—CATALYST-BED  ENTRANCE 

I  I  I  I  I 

—  INJECTION  TEMPERATURE 


RESIDENCE  TIME  IN  H~7  CATALYST  (militoe) 


Flgur*  3.  T«apar*tur*  Frofll*  In  Type  H-7  C*t*Iy*t  Ml 
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Increasing  the  voluino  of  ostalyot  beyond  this  point  resulted  in 
only  a  slight  additional  Increase  in  the  amount  of  the  ammonia 
which  was  dlssooieted.  It  appears,  therefore,  that  from  the 
standpoint  of  ammonia  dissociation  the  optimum  residence  time  in 
the  H-7  oatalysu  in  about  15  mlllisec.  Tests  in  reaction 
chambers  of  difforent  total  residence  times  show  that  the  extent 
of  tho  ammonia  dissociation  which  can  ho  achieved  with  a  given 
residence  time  in  this  H-7  catalyst  is  virtually  independent  of 
the  total  volume  of  the  reaction  chamber.  For  example,  in  a 
mention  ohaobor  which  provided  a  total  resldenoe  time  of  about 
£0  milllseo,  It  van  found  that  approximately  DO  poroont  of  the 
ammonia  was  dlasooiatod  when  the  volume  of  oatalyat  in  the 
chamber  corresponded  to  a  residence  time  of  ID  milllseo. 

Ignition 

With  the  typo  H-7  catalyst,  it  was  not  found  possible  to 
obtain  sustained  thermal  decomposition  until  the  catalyst  bed 
was  heated  to  over  J(00°F.  For  this  purpose,  electrical  heatero 
worn  first  used.  However,  r.his  method  of  ignition  was  not  believed 
to  bo  satisfactory  for  practical  use.  Therefore  a  blpropellunt 
starting  technique  was  developed,  with  this  method,  the  decompo¬ 
sition  reaction  la  initiated  through  the  ulmultnnoouB  injection 
of  hydrazine  and  an  oxidizer  (RFNA  or  HpOlj)  during  tho  first  1/fe 
nooond  of  operation.  Tho  mixture  ratio  (ratio  of  oxidizer  flow 
rate  to  hydra  Kins  flow  rats)  is  maintained  between  0.8  and  0.5 
J.n  order  to  prevent  hard  ti  torts  (obtained  when  tho  mixture  ratio 
is  bolow  0.15)  or  fusion  of  the  catalyst  (obtained  when  the 
mixture  ratio  !a  above  0.55) •  The  oxidizer  is  lnjootod  in  such 
a  manner  that  uniform  mixing  with  the  hydrazine  is  aohievod, 
thereby  pro  vent  lug,  local  overoxidation  und  resultant  damage  to 
tho  catalyst.  Under  theoo  renditions,  the  bipropollant  starting 
ayatera  was  round  to  bo  reliable  and  reproducible. 

Catalysts  Which  are  Active  at  Room  Temperature 

In  tho  course  of  the  lnvootlgat.lon  of  various  oatalyots,  an 
attempt  vas  undo  to  duvelop  oatolysts  which  would  be  suffloioutly 
active  to  initiate  ths  thermal  decomposition  reaction  at  room 
temporature.  Two  oatalyets  of  this  general  type  wsro  found. 

Tho  firnt  consisted  of  a  modification  of  the  typo  lt-7  la  which  a 
oonoentrated  solution  of  the  motal  nitrates  saturated  with 
ammonium  dlohromuie  wan  used  to  impregnate  tho  aluminum  oxide 
pellete,  Tho  pellets  wore  thon  heated  to  about  850°.F  for  four 
hours.  When  hydrazine  was  brought  Into  oontaot  vith  this  catalyst 
«t  room  temperature,  ignition  occurred  within  !«'  milllseo  after 
tho  introduction  of  hydruzrne  into  the  ohamber.  Howovor,  after 
tho  catalyst  had  boon  atoi'od  in  airtight  containers  for  several 
weeks,  it  was  found  that  its  nativity  had  declined  to  a  point 
where  over  50  railliaoo  was  required  to  initiate  reaction, 
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As  a  result,  when  lghition  occurred,  the  ruactlon  was 
extremely  violent  owing  to  the  large  accumulation  of  hydraejtne 
In  the  reaction  ahajtber.  Fsr  this  reason,  further  developaent  > 
of  this  catalyst  was  abandoned.  A.  oatalyst  consisting  of  metallic 
cobalt  deposited  on  oooonyt-oharooal  pellets  and  promoted  with 
platinum  was  found  to  be  capable  of  initiating  the  thermal - 
decomposition  reaction  at  room  temperature.  However,  the  Ignition 
properties  of  this  catalyst  were  erratic,  and  its  physical  pro¬ 
perties'  were  not  found  suitable  for  prolonged  use.  Neither  of 
theno  two  catalysts  was  found  to  bo  spontaneous  on  re-v»e  although 
the  platinua-oobalt  catalyst  could  be  regenerated  by  heating  for 
several  hours  at  about  150°F  in  air.  With  both  catalysts,  it  was 
evident  that  the  ignition  properties  resulted  from  an  oxidation 
reaction  rather  than  from  true  oatalysla.  On  the  basic  of  those 
studies,  therefore,  It  appeared  desirable  to  uno  the  bipropollant 
starting  technique. 


Catalysts  for  the 


Although  the  iron,  cobalt,,  niokel,  and  atumlra  catalyst 
(type  K-7)  previously  described  is  capable  of  producing  optimum 
performance  of  hydrazine  ar  a  mouopropellant  in  rocket  motors  of 
moderate  L*,  It  is  not  suitable  for  use  in  low -tempo rature 
pressurization  system  whore  it  Is  desirable  to  dissociate  the 
ammpnla  aa  oomplotoly  as  possible.  Therefore  an  Investigation  of 
ceUlyoto  for  the  acceleration  of  reaotlon  (2)  was  undertaken. 
This  study  was  divided  into  two  parts » 


In  the  first  part,  which  was  unsuccessful,  an  attempt  was 
made  to  dovolop  a  catalyst  vhloh  would  Increase  the  rateo  of 
reactions  (1)  and  (2)  to  the  same  extent  or  else  cause  the 
decomposition  of  hydrazine  to  nitrogen  and  hydrogen  to  ooour 
directly  without  the  intormodiato  formation  of  ammonia.  For  this 
purpose,  over  70  different  oatnlyste  wore  tested.  Those  catalysts, 
which  voro  propared  In  a  variety  of  ways,  incorporated  one  or 
moro  of  the  following!  Iron,  nlokol,  cnbalt,  platinum,  sliver, 
copper,  manganese,  oerium,  molybdenum,  vanadium,  chromium  oxide, 
aluminum  oxide,  potassium  oxide,  sodium  oxldo,  barium  oxldu, 
magnesium  oxide,  and  tungsten  oxide,  These  materials  were 
supported  on  oarriors  of  alumina,  silicon  carbide,  zirconium 
oxide,  kleoelgv.hr,  fuller's  earth,  flltrol,  or  charcoal.  For  the 
most  part  these  outalyots  were  inferior  In  aotivity  to  the  iron;' 
nlokol,  cobalt,  and  alumina  catalyst,  nod  in  the  few  cases  where 
a  auperlor  aotivity  was  obnorvnd,  the  physical  properties  of  the 
oatnlyats  were  not  suited  for  practical  use. 


In  the  oooond  part  of  this  study  an  attempt  was  made  to 
dovolop  a  oatalyst  which  would  be  active  in  the  dissociation  of 
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Uio  ammonia  formed  in  the  deconpoMitlon  o P  the  hydrazine  over 
tha  iron,  nickel,  cobalt,  and  alumina  catalyst.  For  this  purpose,  j 

many  of  the  catalysts  developed  for  the  firat  phase  of  this  study  ■.  • 

wore  tested  in  series  with  the  type  H-7  catalyst.  However,  with 

the  best  of  these  oatalystu,  only  a  slight  inorease  lu  the  amount  ■ 

of  ammonia  which  could  be  dissociated  in  a  given  residence  time 
vas  observed.  Therefore  nevoral  industrial  ammonia-synthesis 
catalysts  were  tested.  Of  those,  the  moat  satisfactory  from  the  j 

standpoint  of  activity  and  physical  properties  was  Aero  oatalyat, 
type  FM  produced  by  the  Chemical  Construction  Corporation.  With  ■  : 

this  catalyst,  which  consists  of  FojOjj  promoted  end  stabilised 
with  ICpO  and  Al,,0-,  and  ia  supplied  In  the  foim  of  JxG-moah 
grainuf  it  was  round  posuibln  to  dissociate  up  to  75  percent  of 
the  ammonia  with  a  residence  time  of  PI  mllliseo.  (An  additional 
realrionco  time  of  about  10  mlllisoc  in  the  iron,  nickel,  oobalt, 
and  alumina  catalyst  vna  provided  for  the  comj'lotlon  of  reaction 
1.) 

t 

The  influence  of  resldc-nco  time  in  type  FM  catalyst  on  the 
ojitent  of  (uamonln  dissociation  is  shown  in  Figure  6.  The  data  in 
the  figure  were  obtained  through  the  analyhls  of  the  deoompooitlon 
gaooa.  The  catalyst  hod  waa  arranged  ia  the  manner  uhovn  in 
Figure  7.  The  hydrazine  wan  firot.  brought  into  contact  with  •  , 

typo  H-7  oatalynt  in  order  to  bring  reaction  (l)  to  completion 
before  the  gases  entered  the  type  FM  catalyst.  For  this  purpoee, 
a  residence  time  of  approximately  10  mllllsec  vaa  provided  In  l 

the  type  H-7  catalyst,  With  this  residence  time,  approximately. 

48  po.roont  of  the  ammonia  was  dissociated  before  ths  gases 

entered  the  FM  catalyst  (Cf.  Fig.  4),  The  residence  time  in  the  ) 

type  FM  catalyst  vaa  varied  in  the  same  manner  n»  described  in  j 

coiuwotlon  with  Figure  4.  From  Figure  6,  M.  can  be  seen  that  the  I 

FM  oatalyat  increased  the  rate  of  dlanooiatlon  of  the  ammonia 

quite  markedly!  thuo  with  a  total  residence  time  of  30  mllliseo, 

approximately  75  percent  of  the  ammonia  is  dinsociated.  When  I 

the  residence  time  la  Increased  boyond  this  value,  only  a  small 

additional  inuroaso  in  the  amount  of  tha  ammonia  dlasoolation  is 

obtained.  The  doorooue  in  the  x'ate  of  decomposition  of  ammonia 

n  60  Increases  is  attrlbutsd  to  two  factors!  the  dooreasing 

connemtrntion  of  ammonia  in  the  g*Bes  and  the  lower  gas  tempera-  ; 

turoe.  From  Figure  6  it  can  ho  soon  that  the  optimum  rosldonoe 

tlmo  for  FM  oatalyst  is  about  30  millisos.  Tho  large  scatter 

in  the  data  results  from  the  fnot  that  many  of  the  points  wore 

obtained  under  vldoly  varying  conditions  of  pressure  and  flow  j 

rate.  An  attempt  ia  ourrontly  being  made  to  determine  the  in- 

fluonos  of  pressure,  mass  flow  rate,  and  chamber  diameter  on  the  ; 

activity  of  tho  catalysts.  j 

] 
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Lov-Kroer.lr.ft  Fixture  jf  Hydrazine.  Hydrazine  Nitrate,  and  Vater  i 

Because  of  the  high  freezing  point  of  pure  hydrazine  (34°F), 

Its  uae  a a  a  gay  generant  and  monopropellant  la  greatly  Halted.  i 

However,  It  has  been  found  possible,  tnrough  the  addition  of  .{ 

hydrazine  nitrate  and  water  to  hydrazine,  to  produce  mixture*  '{ . 

which  freeze  below  -40°F  and  vhloh  may  be  used  as  efflolont  .  I 

mono propellants  tnd  gas  gone. ants.  ; 

1 

In  eotv'“".tlon  with  the  development  of  hydrazine  as  a  gaa  J 

gene rant  fc  •  une  In  the  pressurization  of  the  propellant  tanks 
of  the  Co">  oral  flight  vehicle.  It  wan  found  that  the  presence  } 

of  ammonia  In  the  decomposition  gasoa  of  hydrazine  vaa  active  In 
r.aualng  an  explosive*  reaction  when  these  gases  were  used  to 
pj'onnurlzo  the  HFNA  tank  of  the  vehicle.  Small-scale  testa 
sliowod  that  the  probability  of  explosive  reaction  between  the 
dooompoaltlon  gauaa  and  RFHA  docroasod  as  the  concentration  of 
ammonia  In  the  gases  was  decreased,  i 

When  the  concentration  of  ammonia  vae  leas  than  3  mol  i 

poroont,  the  probability  of  explosion  vaa  extromely  low.  However, 
using  pure  hydrazine  and  presently  developed  catalysts,  It  vaa  I 

not  found  possible  to  produce  gauoo  which  contained  less  than  '  ! 

12  raol  percent  of  umaonla-.  Therefore,  in  ordor  to  roduoo  the  1 

ammonia  oonoentratlon  to  a  safe  value.  It  was  neoessury  to  add 
nitric  acid  (in  the  form  of  hydrazine  nitrate)  to  the  hydrazine. 

For  this  purpose,  a  mixture  consisting  of  74  percent  hydrazine,  ; 

20  percent  nitric  acid,  and  6  percent  water  by  weight  was  selected. 

The  thooretioal  performance  parameters  for  this  mixture  are  shown 
in  Figure  8.  Uolng  this  mixture,  which  fraozea  at  -4o°P,  and  a 
residence  time  of  12  mtJltaec  In  the  type  H-7  oatalyat  followed  ' 

by  20  uillllueo  in  typo  FM  catalyot,  it  was  found  possible  to  i 

produce  gases  which  contained  approximately  4.0  mol  percent  of  l 

ammonia  (X  ■  0.86  lu  Fig.  8).  j 

The  chief  disadvantage  encountered  in  the  uso  of  the  hydrazine- 
hydrazine  nitrate  mixture  (hydrazine  containing  leaser  amounts  of 
nitric  add  behaved  similarly)  was  In  connection  with  its  tendency  ; 

to  detonate  when  brought  Into  contact  with  the  catalyst  bod  at  ! 

low  tempurature.  On  three  ooonaions,  when  an  attempt  was  made  to  j 

start  monopropellant  operation  in  a  catalyst  oharaber,  the  j 

oxidizer  starting  valve  failed  t.o  operate,  and  the  hydrazine  J 

mixture  alone  was  introduced  into  the  chamber.  Although  the  i 

hydrazine  flow  was  stoppod  within  0.3  second,  nearly  0.2  pound  i 

of  the  mixture  had  entorod  the  chamber.  This  hydrazine  detonated 
within  20  sooonds  after  the  flov  had  been  stopped.  Under  similar 
conditions,  no  reaction  was  observed  with  pure  hydrazine. 
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r  F.XFKRIKNCE  V/XTII  HYDRAZINE  AS  A  ROCKET  FUEL 

. v AT  THE  M.  W.  KELLOQO  COMPANY 


R.  J.  Thompson  ' 

The  M.  V.  Kellogg  Company  '  j 

&&£*£££&  , 

Theoretical  performance  oaloulation*  Indicate  an  advantage 
for  hydrazine  over  moat  common  rocket  fuel  a  vlth  tho  principal 
oxidizers.  Experimental  work  initiated  at  Tho  M,  VT.  Kollogg 
Company  in  1943  confirmed  this  oonoluaion.  Hydrazino  hae.  been 
tooted  vlth  nitric  noli,  liquid  oxygon,  chlorine  trifiuorlde,  and 
hydrogen  peroxide  at  thrust  ncaloa  varying  from  50  to  1500  lb 
vlth  generally  favorable  results,  Tho  calculated  and  experimental 
performance  data  are  summarized. 


Othor  favorablo  ohuruoteriotioe  of  hydrazine  include  good 
ignition  with  several  oxidante  and  convenient  gas  generation  by 
thermal  decomposition.  Results  of  ignition  ana  gas  generation 
studios  are  reported  briefly. 

Othor  physical  properties,  handling  experience,  and  the 
freezing  point  doprosnion  problem  are  montloned, 

In  oonoluolon,  it  lu  urged  that  more  attention  be  given  to 
tho  problem  of  produoiug  hydrazine  at  a  sufficiently  lov  oost  so 
that  lto  potentialities  as  a  euperior  rocket  fuel  may  be 
romired  in  praotlne. 

*  •  » 

When  The  M.  W.  Kellogg  Company  embarked  on  a  ronknt  develop- 
mont  program  for  tho  Air  Force  in  1946,  our  attention  vns  early 
dlraotod  to  tho  potontialitiee  of  hydrazine  as  a  rocket  fuel  for 
aircraft  and  mlsailo  applications.  Both  the  rferman  developments 
during  World  War  II  and  the  theoretical  performance  onloulntione 
then  available  made  thlu  material  appear  quite  attractive.  A 
part  of  our  first  major  Job  vas  to  survey  tho  rocket.  propellant 
field  and  oomplle  performance  and  physical  proporty  data.  In  the 
course  of  this  vork  ve  extended  the  performance  calculations  of 
hydrazino  vlth  several  oxldlcoru  over  a  range  of  mixture  ratios, 
pressures,  and  oonoont rat. Ions  of  isaotante  and  compared  the  results 
vlth  those  for  othor  fuels.  In  onoh  oaue  hydnulne  yiolded  higher 
performance  in  tense  of  both  npoolflo  and  density  impulse  than  the 
oommon  oarhonaoeoue  propellant*  {hydrooarbons,  aloohols,  and 
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aminos)  at  about  the  same  or  somewhat  lows'*  chamber  temperature. 

Thin  may  be  illustrated  by  a  tabulation  or  typical  values  calculated 
for  full  expansion  at  ? O.s  ohamber-to-baek-pressure  ratio  (300  pala 
at  sea  level),  displayed  in  Table  I. 

I 

A  similar  advantage  in  performanoo  of  hydrazine  over  the  i 

earbonnceoua  fuels  can  also  be  shown  for  tho  fluorine  base 
oxidants,  .  j 

'  # 

from  consideration  both  of  impulse  and  of  physical  and 
chemio&l  properties,  it, appeared  to  us  that  hydrazine  offered  the  . 
most  promise  for  application  in  the  near  future  of  any  rooket 
fuel  capable  of  yielding  higher  performance  than  the  gasoline  1 

type  or  other  common  organic  fuels,  and  should  receive  serious  : 

attention.  Our  experimental  work,  which  was  among  the  earliest 
in  l his  country,  was  directed  toward  this  end.  Some  six  years  ; 

later,  ve  otlll  feel  that  this  was  a  sound  decision. 

Hydraslne  has  been  tost  fired  at  The  U.  W.  Kellogg  Company 
with  ooveral  oxidants  including  nitrlo  aold,  liquid  oxygen,  ohlorine  1 

trifluoride,  and  hydrogen  peroxide, 

Tho  bulk  of  our  performance  experience  is  vlth  white  fuming 
nitrlo  aold  (WNA)  as  tho  oxidizer  and  with  three  fuel  compositions  j 
97  percent  hydraslne,  hydraslne  hydrate,  and  an  approximately  75 
poroent  hydraslne -25  percent  water  composition  designed  to  freeze 
bolow  -40°y.  Toots  of  all  three  compositions  were  carried  out  at 
50  lb  and  500  lb  thrust  levels  and  of  tho  latter  composition  only  ! 

at  1500  lb  thrust. 

The  50  lb  thrust  chamber  was  used  for  exploratory  studies  .  ; 

and  for  determination  of  oharaoteristlo  velocity  eu  a  function 
of  mixture  ratio,  as  veil  as  for  ignition  studios.  Unaooled  steel  , 

chambers  with  coppor  nozzles  wore  used  in  runs  of  about  5  to  10 
soo  duration.  The  lnjootorn  were  of  the  simple  pair  or  triplet 
injplngoinent  type}  oharaotorlatlo  lengtho  varied  from  about  60  to 
135  inches.  Chamber  pressures  vere  in  the  range  300  to  400  psla. 

In  both  these  tests  and  in  the  larger  threat  chambers,  nitrlo  aold 
lead  flow  was  provided  to  ennuro  smooth  spontaneous  ignition. 

Because  of  its  small  also  and  rolatlvo  simplicity,  the  50  lb 
thrust  chamber  has  proved  a  most  valuable  tool  in  this  and  subse¬ 
quent  programs  for  rapid  and  relatively  oooncmlcal  propellant 
evaluation  prior  to  larger  iicale  thruut  firings  and  for  ignition 
and  combustion  studios.  With  reasonably  good  lnjeotorc,  oharaoter- 
lstlo  velocities  of  over  90  peroont  of  theoretical  may  be  obtained 
ooueitttcntly,  in  addition  to  about  loo  nitric  aold  performance 
firings,  about  25  performance  tests  were  made  of  hydraslne 
hydrate  with  yo  peroont  hydrogen  peroxide.  The  mixture  ratio 
rango  oovered  in  these  toots  was  from  S.O  to  0,6  with  nitrlo  aold- 
hydrnslne  and  3,0  to  0,5  with  hydrogen  peroxide-hydrasine.  The 
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results  of  these  50  lb  thrust  scale  firings  may  be  briefly 
summarised  by  a  tabulation  of  maximum  characteristic  voloolty 
values  obtained,  displayed  In  Table  II. 

Testing  at  the  500  lb  thrust  scale  vas  accomplished  In  a 
water  cooled  unit  of  conventional  design  in  whioh  the  Injector 
and  characteristic  length  could  be  varied.  Several  types  of 
injectors  were  tested  including  unlike  pair  impingement,  spray 
nozzles,  intersecting  oones,  impinging  and  non-impinging  shower- 
huads,  and  splash.  Only  the  annular  splash  plate,  or  Enzian  type 
proved  superior  to  the  simple  unlike  pair  configuration,  and  the 
superiority  of  the  latter  over  all  other  injectors  tested,  parti-* 
oularly  at  low  L#,  vas  very  marked.  This  is  shown  by  the 
comparative  data,  expressed  in  terms  of  peroont  of  thooretioal 
displayed  in  Table  III.  Good  consistency  vuu  obtained  for  tvo  to 
tvolvo  teat  poiutB  at  each  condition.  Now,  these  injectors  were 
made  quite  early  in  our  rocket  experience  and  undoubtedly  both 
the  impingement  and  other  types  oould  be  designed  for  better 
performance  today,  llovevar,  the  striving  improvement  achieved 
merely  by  adding  the  annular  splash  plate  to  tho  impingement 
injector  illustrates  the  advantage  of  this  injeotoi  typo  for 
propellant  combinations  and  thrust  levels  where  it  can  ho  uoed 
oafoly.  This  safety  depends  on  the  combustion  roaotion  boing 
sufficiently  rapid  no  that  a  dangerous  accumulation  of  unburat 
propellant  oannot  be  trapped  upstream  of  the  splash  ring]  in 
general,  ve  have  found  it  satisfactory  for  fuels  vhioh  exhibit 
rapid  spontaneous  ignition  with  nitric  acid.  The  action  of  the 
splash  ring  is  not  fully  understood  but  la  probably  at  least 
two  rolflj  it  improves  the  liquid  mixing  and  provides  a  high 
degree  of  turbulenaa  at  its  downstream  edge. 

Tho  balanoe  of  the  500  lb  thrust  firings  was  devoted  primarily 
to  a  study  of  the  variation  of  specific  impuleo  with  chambor 
pressure  in  tho  range  S50  to  500  pala  Vhen  operating  near  the 
optimum  mixture  ratio.  These  toots  were  made  vith  peroont  and 
96  porcent  hydrazino.  using  both  tho  splash  plate  and  impinging 
stream  injeotora.  Tho  rssultu  and  further  data  on  the  tost 
conditions  arc  shown  in  Figures  1  through  5.  The  increase  In 
performance,  relative  to  tho  theoretical,  with  increasing  pressure 
la  typical  of  moat  porpellnnts  and  t.o  presumably  due  to  more  rapid 
mixing  and  combustion  at  tho  higher  prosnureo.  Only  a  fev  runs 
were  made  with  hydrazine  hydrate  at  this  scale  since  its  performance 
was  not  high  enough  to  bo  of  much  Interest.  An  average  specific 
Impulse  of  196  sec  and  oharncterlatlo  voloolty  of  4650  ft  par  sec 
were  obtained  at  420  pala  chamber  pressure. 

The  1500  lb  thrust  chambers  were  designed  for  regenerative 
cooling  with  the  aold  and  wore  used  to  oheok  the  thermal  design 
as  well  as  to  oonfirm  tho  performance  on  a  somewhat  larger  soale, 

Tho  extent  of  teating  at  1500  lb  thrust  wa«  limited  booouoe  of  the 
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high  cost  of  the  fuel.  The  spleoh  plate  Injector  proved  suooeee- 
f\il  at  this  thrust  also  and  the  results  obtained  near  J00  pula 
(.-•hamber  prossure  substantiated  those  obtained  at  lover  thrust. 

Performance,  data  on  hydrazine -liquid  oxygon  vere  obtained  In 
nominally  200  lb  thrust  uncoolod  atesl  chambers  vlth  copper  nozzle# 
over  a  ohi'uiber  pressure  range  from  about  225  to  530  polo.  Maximum 
apoclfio  Impulse  And  .nr.raoterlstlc  velooity  values  wore  2fc2 
uooondo  and  5700  ft  per  sec,  respectively,  at  a  mixture  ratio  of 
0,67  and  330  pula  ohamber  pressure.  This  corresponds  to  50 
peroent  of  theorotloal  impulse  at  the  optimum  mixture  ratio, 
vhioh  io  considered  reasonably  good  performance  for  a  small  motor. 

II a  extensive  Injector  development  vus  undertaken.  Tho  boat 
results  v/*re  obtulnod  vlth  simple  assemblies  of  Intersecting  solid 
cone  sprays,  Spooli’io  impulses  above  230  seo  vero  w ensured  over 
a  mixture  ratio  range  from  O.Q’j  to  0.50,  as  shown  in  '.Cable  17. 

dlnoo  this  combination  lc  not  spontaneous,  several  method# 
of  ignition  vero  tried.  Pyrotechnic  Ignition  vas  used  In  the  bulk 
of  the  tnHtsj  thin  vne  Hatiofaotory  when  spray  nozzle  ir.Joutors 
and  oxygon  load  flow  ware  employed.  With  olthor  fuel  loaA  or 
solid  stream  lujoatiou,  hard  starts  sometimes  resultod.  Tho  hard 
otavtn  with  uolid  stream  injection  wore  probably  related  to 
delayed  atomisation  and  vaporisation,  since  no  flow  staging  va# 
provided.  Hurd  -starta  or  explosions  vlth  hydra nine  load  f.Lov 
arc  gniierally  axperlonood  with  all  oxidizers  mul  probably  result 
from  tho  exothermic  decomposition  of  the  hydrazine  ltB«lf . 

Ignition  van  also  accomplished  bjr» 

a.  Separate  Injection  of  a  ctream  of  nitric  acid  to  establish 
a  flumo  by  spontaneous  Ignition  vlth  the  hydrazine  prior 
to  oxygen  entry, 

b.  Chromic  add  crystals  In  the  ohanibor, 

0.  Electrically  heated  glow  plug. 

It  appeared  that  oxygen -hydrazine  1#  relatively  onsy  to  Ignite. 

Ad  a  part  of  nn  oxpsrlir.ontal  study  of  high  performance  pro¬ 
pellants,  chlorine  trtfluoride  was  fired  with  hydrazine,  ammonia, 
gasoline,  aud  ethanol  In  a  nominally  200  lb  thrust  motor 
at  about  300  psla  chamber  proasure.  Due  to  tho  tmunuully  hazardous 
natura  of  tho  oxidant,  special  safety  pi'ooautlono  vero  taken. 

Onoa  proper  hnndl lng  procedures  wore  worked  out  the  program  pro- 
oaodod  smoothly,  ijulokly,  and  without  difficulty.  Best  result# 
in  term#  of  high  performance  without  lnjootor  burning  vero  obtained 
vlth  a  "burled  implngoment"  #plaah  lnjootor  —  that  1#,  the 
stream#  struck  the  splash  plat#  b#foro  Impinging  on  eaob  other. 

Then  the  splash  plate  vas  moved  downstream  of  the  Impingement 
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point,  burning  of  tha  splash  plate  resulted.  A  summary  of  the 
results  obtained  with  chlorine  trifluoride  la  ohovn  In  Figure 
Hydra* l nr  gave  the  hlglioat  performance  of  tho  fuels  tested, 

■T.ltliuugl'1  klio  advantage  In  performance  over  mmnonla  vna  not  great, 
and  both  hydrazlno  and  ammonia  were  significantly  batter  than  the 
carbonaceous  fuels,  jot  fuel,  and  ethanol.  With  nitric  aold  and 
oxygen,  on  the  other  hand,  the  performance  of  ammonia  and  Jet 
fuel  aro  ndiu’ly  equal,  Figure  5  pi’oaonte  an  Interest  Lug  comparison 
of  the  experimentally  determined  maximum  charaotorlotlc  voloo.lty 
valuoa  vlth  both  ohlorino  t.vl fluoride  end  nltrio  sold  of  hydrazine, 
ammonia,  and  Jot  fuel. 

Thus  far  ve  have  dlocussed  primarily  performance  as  measured 
b7  apooif in  Impulse,  mixture  density,  and  combustion  temperature. 
Hydrazine  huu  bo  fin  coon  bo  be  genu  rally  morn  favorable  In  the 
first  two  respects  and  oompnmhle  in  the  third  to  tho  common 
carbctiiioeouH  fools .  These  propellant  properties  are  germane 
to  all  rocket  applications.  Tnorn  are,  of  course,  other  properties 
which  muy  bo  of  equal  or  oven  greator  importance  in  determining 
tho  usefulness  of  u  material  as  a  rocket  propellant  for  a  npooirio 
application.  Tho  Importance  of  theso  physioal  and  ohemioal 
proportleu  varl.uu,  however,  with  the  application.  Some  properties, 
ouch  an  thermal  Instability,  may  even  bo  favorablo  for  one 
application  and  unfavorable  for  another,  3ome  of  the  propellant 
proportion  which  affoot  tho  safety,  reliability,  usefulness  under 
extreme  environmental  conditions,  complexity,  weight,  and  oont  of 
tho  rooket  Include  j 

«.  Ignition  and  oombustion  oharaoterlstloa, 

b.  Thermal  aud  mo chan i o*l  stability, 

o,  Oorroslvenose, 

d.  Toxiolty, 

e.  Phyu.toal  proportiosi  frooslng  point,  vapor  pressure, 
viscosity, 

f.  Economic  faoborsj  avail  ability  and  ooet. 

Tho  primary  requirement  for  ■  rooket  ignition  oyatem  in  to 
onuuro  that  tho  rate  of  reaction  of  the  propellants  at  all  times 
during  tho  starting  trnnoiont  lo  groat  enough  to  prevent  a  dangerous 
accumulation  of  unburnt  propellantn  within  the  chamber.  A  second 
requirement  in  many  rocket  applications  io  that  tho  "ignition 
delay  tlm*  from  closing  the  firing  switch  to  attainment  of  full 
thrust  be  short,  accurately  known,  highly  reproduolblo,  and  in¬ 
sensitive  to  environmental  conditions,  Application  of  these 
requirements  to  propellant*  vhioh  are  relatively  difficult  to 
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ignite  results  la  ignition  and  flow  staging  systems  of  considerable 
complexity.  Thus,  safety  Is  ensurod  only  at  the  expense  of 
complexity,  increased  volght  and  cost,  and  an  extensive  develop¬ 
ment  program  to  attain  reliability  under  all  environmental 
conditions,  Tiila  la  particu  arly  true  of  starting  systems  vhleh 
must  bo  designed  for  repeated  operation  vithout  servicing.  The 
difficult  leu  encountered  In  development.  of  tho  nitric  acid-jot 
l'uol  ryui.ew  largely  relate  to  this  problem,  It  Is  also  found  that 
propellants  vhlch  uro  hard  to  Ignite  or  exhibit  a  long  "ignition 
do lay"  are  more  subject  to  unstable  or  Incomplete  combustion  under 
the  sa»s  condition#  of  ohaaibor  volumo  and  pressure,  compared  to 
tho  fast  spontaneously  igniting  combinations. 

The  use  of  spontaneously  igniting  propellants  offoru,  in  many 
r«apeots,  the  most  desirable  ignition  raothod,  Ono  of  the  best 
spontaneous  cbmbinutiona  in  hydrazine -nitric  acid.  Hydrazine- 
hyd-'Ogun  peroxide  is  eowovhat  loss  favorable  since  a  catalyst  1b 
required.  This  property  cun  bo  used  advaivtagoouuly  oven  vhen 
hydrazine  is  not  the  primary  fuel  by  employing  It  as  a  starting 
fuol  or  liquid  primer  for  a  main  fuel,  uuoh  ua  gaool.lno,  vhlch  is 
not  spontaneous.  The  quantity  of  starting  fuol  need  only  bu 
sufficient  to  provide  flans  for  a  fraction  of  a  noaond  prior  to 
ontry  of  tho  main  fuol.  Such  a  starting  system  has  proved  highly 
natlnfaotory  in  hundreds  of  tout  firings  with  nltrlo  aoid-jet 
fuol  at  The  M.  V.  Kellogg  Company.  It  Is  our  belief  that  a 
hydrazine  starting  system  vlth  appropriate  valving,  made  up 
as  a  packaged  unit  suitable  for  perhaps  100  repeated  firings, 
may  be  competitive  or  superior  In  size,  volght,  nont,  reliability, 
and  speed  of  operation  to  an  electrical  ignition  system  for  nitric 
acid- jet  fuol. 

A  considerable  part  of  our  early  work  with  hydrazine  van 
dovotod  to  study  of  Its  Ignition  characteristics,  employing  both 
drop  tost  ami  small  rocket  motors.  The  most  useful  technique  for 
both  ignition  and  combustion  studied  in  small  units  has  proved  to 
bo  tho  transparent  motor,  in  vhloh  a  glass  or  oleai*  plastic 
chamber  1#  provided  vith  an  injeotor  and  nozzle,  and  tho  propellant 
entry,  mixing,  ignition,  and  subsequent  oombuiitlon  aro  reoordod 
by  high  speed  photography.  It  was  confirmed  that  the  appearanoo 
of  visible  flame  ond  boginning  of  pres sure  rise  ware  simultaneous 
vithin  a  fraction  of  a  millleooond.  Tho  drop  tost  lo  considered 
a  useful  sovoonlng  tool,  but  not  sufficiently  similar  to  actual 
rocket  oondltlon#  for  quantitative  reliabll ity. 

Drop  tests  vere  made  at  room  temperature  of  hydrazine-vater 
and  hydrazine -methanol  solutions  containing  a  copper  catalyst 
(potassium  ouprooyanlde )  vlth  90  peroent  hydrogen  peroxide.  The 
ignition  delay  of  the  former  Increased  almost  linearly  vlth  vater 
contents  varying  from  5  to  70  percent.  Tho  hydrazine -methanol 
solution,  on  the  other  hand,  maintained  a  low  and  nearly  constant 
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delay  up  to  60  percent  methanol ,  and  then  roae'  steeply.  Spon¬ 
taneous  Ignition  nhlll  oo cur rod,  although  with  long  sml  erratic 
delays,  at  90  percent  methanol -10  percent  hydrazine.  Thoae 
results  illustrate  that  satisfactory  spontaneous  Ignition  can  be 
obtained  front  mixed  fuels  in  vhloh  hydrazine  le  the  minor  cottponoat . 
Thn  Gorman  "C-Stoff,"  vhloh  la  percent  hydrazine,  ^3  percent 
methanol,  SI  percent  water  by  weight  exhibits  good  Ignition  with 
peroxide. 

Quite  a  largo  number  of  transparent  motor  tests  were  made 
with  90  percent  hydrogen  peroxide  at  ambient  tempo ruture  and  with 
nitric  acid  at  ambient  and  low  temperature  with  varying  fuel 
compositions .  The  test  conditions  and  avoroge  results  for  some 
of  those  teats  are  uhovn  in  Table  V,  In  brlaf,  hydrazine 
hydrate  and  "C-Stoff"  with  catalyst  and  anhydrous  hydrazine 
without  catalyst  all  gave  satisfactory  Ignition  with  90  psroent 
hydrogen  peroxide  at  ambient  temperature,  with  dolays  In  the 
neighborhood  of  !‘.0  miiliueo.  Hydrazine  hydrate  would  not  ignite 
satisfactorily  without  catalyst .  The  ignition  delay  of  anhydrous 
hydrazine  with  catalyst  was  less  than  one  mlllisoo.  Anhydrous 
hydrazine,  hydrazine  hydrate,  and  Intermediate  compositions  Ignite 
satisfactorily  at  temperatures  above  0°F  with  both  W’NA  and  RV'NAj 
most  of  those  data  arc  omitted  from  the  table,  A  low  freezing 
composition  of  75  percent  hydrazine-28  percent  water  ignites 
reliably  with  RPNA,  but  not  with  WNA.  at  temperatures  from 
-400  to  -S5°F. 

Hydrazine  Is  thermally  Unstable.  The  rata  of  tho  oxothermlo 
decomposition  Is  dependent  ou,  speclflo  catalytic  surface  effects 
as  well  ns  on  the  t ompemturo ,  Experiments  both  at  Tho  M.  V. 

Kellogg  Company  and  elsevhero  lndiouto  that  hydrazine  hertud  In 
a  stalnloss  steel  bomb  decomposes  rapidly  and  sometimes  explosive¬ 
ly  at  tempo ratureo  In  tho  neighborhood  of  500°P,  Hydrazine  vapor 
can  bo  ignited  and  decomposed  by  a  spark  or  hot  wire  but  the 
decomposition  does  not  propagate  into  the  liquid  at  normal  tempera¬ 
ture.  Extensive  tests  made  early  in  our  program  and  subsequently 
confirmed  by  others  showed  that  liquid  hydrazine  Is  stable  to 
severe  moohanlcal  shock  and  will  not  propagate  a  detonation 
Initiated  by  moans  of  an  explosive  charge.  The  vapor  la,  of 
oourse,  oombustlblc  ar.d  hydrazine  soaked  rags,  waste,  or  filter 
surfaces  may  Ignite  spontaneously  In  air  if  not  soaked  with 
water. 

The  thermal  instability  of  hydrazine  militates  against  its 
use  as  a  regenerative  ooolant.  On  the  other  hand,  this  property 
may  bs  advantageously  uaad  for  generation  of  turbine  drive  or 
pressurizing  gas,  as  will  be  discussed  later. 

The  corrooi /eneaa  of  hydrazlno  tovurd  materials  commonly 
used  In  rookets  has  not  been  aerious  in  our  experience.  Neither 
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did  ve  find  Its  toxicity  to  be  a  significant  problem,  although 
this  Is  apparently  at  variance  vlth  the  experience  of  others, 
ifo  verso  effects  Uvm  superficial  eye  and  uppoi*  roapiratory 
irritation  from  tho  vapors  and  mild  olrln  bliotcrlrig  t'roa  liquid 
nplllr.fie  were  encountered .  To  our  knowledge,  no  systemic  effects 
wore  produced  In  any  of  our  tost  peruornol.  In  general,  It  vus 
found  that  hydrazine  could  bo  handled  without  difficulty  by 
observing  normal  safety  precautions  for  flammable  and  toxic 
chemicals. 

Tim  physical  properties  cf  hydrazine  are  nutlafnotory  except 
for  Its  high  fre-Jiilng  point  which- is  unsatisfactory  for 

nemo  roolcet  applications.  The  simplest  additive  for  freezing  . 
point  levering  is  valor j  is  Is  also  tho  cheapest  since  anhydrous  . 
hydrazine  need  not  bo  produced,  Tho  minimus  freezing  point  Is 
-6o°F  at  cP.  porcont  water,  according  to  out*  imvMivirei'H-nts  j  the 
oorroapoading  reduction  in  both  calculated  and  experimental 
specific  Impulse  la  about  0  percent,  Tho  addition  of  water 
lover n  the  oomimsitlcn  tempers turn  about  t5h°F,  lrhioh  oases  tho 
combustion  whumbor  cooling  problem  considerably . 

Several  other  additives  have  boon  proposed  and  tested  as 
hydrazine  f feezing  point  doprunnarits,  including  various  alcohol n , 
vealc  acida  ouch  as  JfdJ  or  HON,  umucniu,  and  hydr.iziiio  or  a  union  la 
salts .  For  tho  nano  frowning  point  depression,  none;  of  thnuo 
yields  significantly  hlghor  impulse*  than  thn  hydrazine -voter 
solution.  Their  coat  is  higher  since  they  Involve  unhydrous 
hydrazine,  and  othor  properties  such  as  storage  stability,  vapor 
prussure  or  density  are  f .nquenbly  poorer.  Vic  believe  tlmt  when 
tempera turo  conditioning  'Cmmot  be  provided  water  is,  all  things 
considered,  tho  host  prnotioal  additive  uov  available.  Hovevur, 
tho  search  for  practical  rddittvos  vhloh  ezort  a  leusor  effect 
on  the  impulse  should  be  continued . 

liotur.'ilng  briefly  to  the  subject  of  goo  generation  from 
hydrazine,  this  cou  be  accomplished  in  tvo  vnys !  by  vary  fuel 
rich  blp.ropollant  combiuitlon  or  by  catnlytio  decomposition  of 
hydrazine  rtlor.6 .  rrlmurily  because  of  the  lovor  molecular 
voj.ght  of  ltn  products,  hydrazine  lo  superior  to  hydrogen  peroxide 
an  a  ga 3  source .  Hiprepellant  gar  generation  by  7'*  percent 
hydrazine-nitric  acid  at  a  mixture  ratio  of  about  0.05  (5  percent 
oxidizer)  vaj  successfully  demonutrated  In  a  practlonl  unit 
suitable  for  driving  a  100  hp  turbine  at  The  M,  W.  Kellogg 
Company  in  1  y47 ,  Moer  otolohlomotrio  combustion  of  tho  acid  with 
part  of  tho  hydrazino  provided  a  heat  source  for  thermal  decompo¬ 
sition  of  tho  balance  of  the  hydrazine.  Satisfactory  operation 
was  obtained  with  a  characteristic  velooity  of  2300  ft  per  seo  at 
a  gaa  toaporaturo  of  1000°F,  which  is  about  40  percent  hlghor 
performance  than  that  of  hydrogen  peroxide  monopropellant  at  the 
same  temperature. 
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A  practical  hydrazine  ttonopropallant  gas  generator  depends 
on  development  of  a  catalyst  of  nufficlont  activity  for  cold  self- 
starting  vhich  la  also  sufficiently  durable  for  the  austainod  kijfi 
tomporaturu  oorv.lotj  required.  The  M,  V.  Kellogg  Company  Investi¬ 
gated  t!iin  probl.cai  In  IS’lfl-ljrtf).  Several  aetal-netal  oxide 
catalyst  co.-f-'-uitlone  were  developed  vhlch  appeared  to  Initiate 
tho  doconpoaitlori  oatiufaotorily  but  failed  physically  cadsr 
continued  testing.  In  addition,  a  unit  deoigr.ed  to  nxohange 
heat  from  the  decomposition  panes  to  the  influent  hydri.  r.ino  could 
sustain  operation  indefinitely  on  a  preheated  thermal  decomposition 
bed,  but  only  at  a  low  flowrate.  Since  this  latter  unit  is  rather 
largo  and  heavy  for  its  throughput  and  requires  preheating,  the 
development  of  %  more  active  and  durable  catalyst  1b  the  preferred 
solution.  Conoidering  the  degree  of  nuuoeas  aahlovod  in  our  quit* 
limited  program,  it  is  believed  that  this  problem  oould  be  solved. 

Tho  limited  availability  and  high  coat  of  hydrazine  have  bees 
the  principal  impediments  to  itu  widespread  use  as  a  practical 
rocket  fuel  in  this  country.  Ve  dlucontinuod  largo  soalo  develop¬ 
ment  work  in  19^8  and  prnotioally  all  development  work  in  1950  for 
Just  this  reason.  We  believe  that  tho  overall  rocket  development 
program  of  tho  oounti'y  has  been  retarded  by  the  non -a  vail  ability 
of  hydrazine  and  that  inoufficiont  attontion  has  been  given  to 
thlu  problem.  While  ouch  development  of  a  cheaper  und  more 
orfto.ii'nt  method  of  production  than  tho  Rausohig  process  lo 
admittedly  difficult,  tho  American  Chemical  Industry  has  solved 
many  difficult  problems  before  vhen  suffioiont  incentive  was 
supplied.  Development  of  a  superior  production  process  .1*  the 
most  ij.mcvta.nt  single  problem  to  bo  solved  if  hydrazine  la  to 
realize  its  potentialities  as  a  nuperior  rookot  fuel. 
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QR .  K.  H.  SEYMOUR  (Office  of  Sava!  Research) ;  I  v«u  thinking 
about  the  picture  that  ahapna  up  out  of  the  discussion  of  the  Test 
tvo  duya.  I  think  vj.th  reference  particularly  to  the  first  part  of 
the  program  on  the  processes  for  making  hyclrasj.no  that  to  got  the 
whole  picture  we  should  give  some  thought  to  what  wasn't  said  here 
as  wall  ns  to  what  vas  said,  There  was  quite  a  bit  of  work  not 
reported  here  on  the  processes,  that  which  van  reported  by  the 
military  services,  at  such  places  as  the  Olin  Industries,  and 
Associated  groups,  Battollo  and  the  Rdval  Laboratories. 

I  think  probably  moat  of  you  are  familiar  with  this  but  a  lot 
of  work  lias  boon  done.  Some  of  the  approaches  seem  to  bo  gcod. 

There  Jo  still  work  going  on  in  addition  to  that  mentioned  here  under 
direct  sponsorship  such  nu  tho  work  of  tho  University  of  Illinala, 
and  I  bellovo  work  is  alto  being  done  by  the  Bureau  of  Minus,  and  we 
in  OMR  are  carrying  on  a  study  of  the  uon  of  the  electric  discharge 
which  could  not  bo  put  In  a  paper  to  proaont  horo. 

I  could  aura  it  up  by  uftying  we  uro  in  a  position  analogous 
to  the  ohemloal  vork  which  Dr.  Gunning  reported  on.  You  tire  fighting 
a  problem  with  a  low  percentage  of  conversion  whore  power  la  a loo 
your  prime  raw  material.  This  makes  it  difficult.,  but  still  worth 
looking  at,  wo  fuel,  and  both  In  tho  past  arid  in  the  prunont  there 
has  boon,  1  think,  a  varying  amount  with  sometimes  email,  sometimes 
largo  amounts  of  work  done  by  various  prlvuto  interests  oil  tholr 
own.  Thii),  of  course,  has  not  been  reported  on  publicly  and  you  oun 
only  guess  as  to  where  it  is,  what  it  may  consist  of,  but  It  1h  a 
factor. 

I  think  that  an  encouraging  thing  la  the  dc  olopmont  of  the 
Haachig  Process.  It  has  boon  pushed  along  by  th-  Mathioson  people 
and  has  shown  promise  of  giving  us  a  procooe  which  will  moot  our 
noodo  quito  well. 

1  think  we  uhould  also  consider  we  may  have  groat  enthusiasm 
lu  ono  of  the  various  rouearoh  areas  on  another  ays  tom  which  will 
giva  us  a ouw thing  closer  to  tho  ultimate  process  which  one  of  the 
aponkora  aort  of  hinted  at  when  ho  pointed  out  tliu  baalo  materials 
that  go  into  thin  are  cheap  and  plentiful. 

I  think  there  are  two  other  thoughts  on  tho  whole  program  that 
occur.  One  lo  that  hydrazine  lo  not  only  unique,  hydrnsino  Is 
versatile.  I  think  if  you  think  of  tho  applications  discussed  during 
the  pant  day  or  so  you  can  sec  that  it  is  so.  If  it  had  been  only 
for  rockot  propellants  or  gun  propellants  It  might  have  dropped  out 
of  tho  plcturo  because  of  its  high  cost  and  limited  availability 
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several  years  ago,  but  It  is  a  very  unique  sort  of  chemical  for 
military  purposes  as  veil  as  the  many  other  purports. 

1  think  the  third  thing  to  give  a  little  thought  to  la  that 
thin  work  that  has  been  reported  ia  just  part  of  the  work  really 
on  an  attempt  to  exploit  one  compound  and  when  you  think  U*at  them 
are  maybo  20  or  50  active  contenders  for  propellant  applications  In 
the  liquid  field  today,  I  think  It  tells  ua  a  littlo  bit  the  ansvor 
to  tho  question  ofton  naked  about,  "Why. can't  people  settle  on  one 
and  nay  that  is  it  and  go  to  work  on.it?" 

Mil.  RALPH  13 LOOM,  Jr.  (Buffalo  Electro-Chemical  Company,  Ino.)» 

1'  vould  like  to  ask  Xr«  Grant  about  the  pullet  aiae  In  his  nhwabera 
and  whether  or  not  smooth  operation  resulted  from  the  use  of  these 
pollots. 

KB.  (WANT:  The  type  il-7  catalyst  originally  was  used  In  the 
form  of  5/t6  x  5/l6  inoh  cylinders.  However,  it  was.  found  that  the 
edges  of  the  cylinders  tended  to  brock  off  and  cause  partial  clogging 
of  the  catalyst  bod.  For  this  rcauon  we  changed  ovor  to  quarter 
J.noh  ophorea  vhioh  eliminated  the  problom  of  ontalyst  disintegration. 
In  most  of  tho  basts  whiah  we  have  node,  tho  operation  of  the 
reaotlon  ohambere  van  quite  smooth.  Tn  a  few  testa  wo  observed  a 
form  of  preasure  fluctuation  which  wan  found  to  bo  caused  by  a  vi¬ 
brational  coupling  botvoon  thu  reflation  ohnmbor  and  tho  hydf*»lne 
food  system.  Wo  have  always  bean  able  to  eliminate  that  phenomenon 
by  tui justing  the  size  and  length  Of  thu  hydrazine  fond  lines.  The 
majority  of  the  ouolllogrftphlo  records  of  reaction  chamber  preseures 
showed  smooth  operation.  The  typo  PM  ontalyst  Is  obtninod  in  tho 
form  of  5  x  6  mosh  granules.  Vo  generally  sorot-n  thiu  catalyst  in 
order  to  eliminate  all  fines. 

DH.  LIBBER:  I  would  Just  llko  to  oay  a  fow  words  about  the 
mooting  in  gonaral  following  Or.  Seymour  who  has  capably  given  us 
an  overall  picture  in  a  fow  minutes, 

Tho  amazing  thing  to  sw  la  that  no  ofton  work  is  going  on  on 
this  simple  compound  comprising  only  two  nitrogen  and  four  hydrogen. 
Vlilie  Interestingly  enough  oorno  of  the  work  has  boon  reported  here 
thoro  haa  boon  unroportod  work  going  on  all  over  tho  oountry.  It 
lu  rather  incredible  to  think  what  lias  oome  out  of  the  discovery 
of  Theodore  Curtl.ua  in  .1.007  and  oven  not  too  many  years  ago  -- 
let's  cay  ton  or  fiftoon  —  it  would  have  boon  hard  Indeed  (those 
remurks  nre  directed  to  our  colleagues)  it  would  have  boon  '.ether 
difficult  Indeed  to  have  obtulned  such  large  Bums  of  money  for 
oontraota  on  hydraisinu  rouonrohos. 
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I  think  ve  ow  a  debt  or  gratitude  to  «H  or  the  authors  of 
tbo  papers  of  thin  mooting  and  their  presentations .  ye  n\ao  ova  a 
o#*bt  of  gt*atltu<Je  to  our  audience  vho  have  com*  from  *11  parte  of 
the  country,  vlthout  vhioh  a  atimulstina  mooting  would  hava  been 
Impossible.  I  think  we  will  all  agree  that  this  has  been  a  very 
stimulating  meet  Inc  Indeed,  1 

THE  CHAIRMAN:  I  think  tho  tone  of  this  moating  Is  quite  an 
improvement  over  thu  meet ins u  that  were  held  yours  ago  on  rooket 
propellants,  and  that  It  seumsd  that  it  seemed  the  authors  were  all 
very  modest  In  their  nlalma  for  their  pertloulur  systems, 

Thank  you  very  much,  gentlemen,  The  meeting  Is  adjourned. 
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K  DbKAUJ  a.  otooks 

Executive  Dii’notor 
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TKB  TOXIOOLOOY  OF  JtWRAZIlfB  -  A  REVIEW  j  J 


i  i 

i 

Stephen  Krop 

Army  Chemical  Corps  Mediosl  Laboratory*  I  j 


Appreciation  of  the  versatility  of  hydrazine  a*  a  reagent  ; 

Ln  tho  synthesis  of  lnrgo  numbers  of  organic  oorapcunda  and  In 
Its  uuofulnssa  aa  a  propellant  fuel  brings  an  ever-lnorenolng  '  !' 

number  of  .personnel  in  contact  with  hydrazino  cud,  hence,  tho  •  !  .  ! 

wxpoaure  of  greater  and  greater  numbers  of  personnel  to  tho  toxlo  I  I 

hennrd*  of  hydrazine.  Although  derivatives  of  hydra *1  at)  hud  been  ,  - 

widely  lenovn  and  studied  intensively  by  choicinto  by  the  your  1075,  1 

purer  hydruzino  vaa  unknown  until  about  l89Jl  (lief.  1).  I  j 

I  1 

Tho  delay  in  isolation  of  tho  pure  material  postulated  for  '  j 

a o  long  may  potiaibly  havo  boon  duo  to  its  gi’uat  reuotivlty.  One  ,  ; 

of  the  oarly  fruits  of  tho  reactivity  of  hydrarf.no  and  its 

derivatives  with  carbonyl  groups  may  bo  found  in  the  work  of  '• 

Eu.ll  Fincher  on  the  atruofcuro  of  augurs.  It  may  bo  recalled  ( 

that  Fiuohur  found  the  .reaction  between  pheuylhydraz Ine  and  tho 
carbonyl  group  ln  sugars  of  groat  usefulness  in  his  study  of  ; 

tho  atruoturo  of  sugars  oonoeruing  which  do  little  was  understood  1  i 

until  that  tlwa,  Tho  hydrogen  attached  to  tho  nitrogen  in  i 

hydrnslno  and  ita  derivative!!  Is  extremely  rea.ctlvo  with  oxygen,  I 

ohlnrtnB,  and  other  negative  elements  in  organic  oompoundo  and  I 

it  is  by  virtue  of  this  fact  that;  hydrazine  co'mbinua  no  readily  I 

vith  a  lurgo  variety  of  organic  oompoundo  by  condensation,  Itn 
vormtillty  in  reacting  vith  a  wide  variety  of  organic  compound!) 

(Hof.  :>)  perhaps  boars  a  relationship  to  lta  injurious  of  foots  : 

on  living  matter.  Therefore,  It  is  perhaps  not  uurprluing  that 
hydrazine  und  its  derivatives  have  a  variety  of  biological  offoots  I 

including  conu.idernhlo  toxicity.  I 

Evou  before  tho  laudation  of  hydrazine  in  pure  form,  it  was  !  j 

recognised  by  those  who  worked  vith  hydrazine  in  solution  that 
vapors  Canning  from  the  solution  were  highly  irritating  to  the  noso  I 

and  throat  (Her.  5).  Tho  preparation  or  hydrazine  in  high  degress  1  j 

of  purity  soon  brought  reports  that  the  oyea  wore  affoctod  by  J  i 

hydra nine  vapors  and  also,  of  course,  with  hydrazine  in  solution  | 

If  splashed  into  tho  eye.  Although  damage  to  tho  oye  is  oaid  to  j  j 

be  tomporary  aftoj  vapor  »xpo3urs,  the  Injury  is  nonetheless  die-  ; 

abllng,  and  with  concentrated  solutions  or  liquid  hydrazine,  j 


permanent  injury  to  the  ays  may  result.  It  Is  fortunate  that 
the  irritating  ammonincal  odor,  of  the  vapors  is  auoh  as  to  prevent 
the  Inhalation  of  dangerous  amounts  of  hydrazine  by  personnel 
making  and  handling  the  material  (Ref.  !?;.  However,  it  is 
possible  to  sustain  serious  kidney  end  liver  damage  by  skin  con¬ 
tent  vlth  the  cone  on  tra  toil  solutions  of  hydrazlno,  and  by 
ingestion.  In  addition,  severe  skitv  injury  nan  result  from 
liquid  hydrazine  contaot  with  the  skin  possibly  by  virtue  of  the 
basicity  ->f  hydrazine  (Ref.  7).  Henoo,  penetrating  burus  may 
bo  product'll  by  formation  of  aoluble  alkaline  metaprotein  as 
contrasted  with  the  hard,  crusty  insoluble  acid  isetaprotBln  which 
io  characteristic  of  acid  burns  and  which  hinders  deep  penetration 
of  moat  adds. 

In  recognition  of  the  foregoing,  the  following  review  is 
presented  on  the  toxioology  of  hydrazine  in  higher  anlmala.  No 
attempt  has  been  m&do  to  presont  a  complete  bibliography;  rather, 
reference  Is  mainly  made  to  observations  which  soon  to  ouwMurlse 
bout,  tho  present  knowledge  of  particular  features  of  the  meohaiii sm 
of  toxio  injury,  of  tho  control  of  hazard,  and  of  the  treatment  of 
poisoning. 

1 <  Toxicity;  Acute  and  Chronlo 

Hydrazine  appesra  to  be  toxio  to  all  forms  or  life. 
jlriuni(ot  the  higher  animals,  them  appears  to  be  no  marked  species 
difference  in  sensitivity  to  the  toxic  actions  of  hydrazine,  It 
is  toxic  by  all  routes  of  administration  nnd  does  not  appear  to 
differ  markedly  from  other  compound!)  in  tho  difference  in  toxlolty 
obm.rvod  by  d.tffcront  routes  of  administration  bo  any  given  speoles 
(Hofs.  4,  5,  7).  Tablo*  I  and  II  nuiu.i.iriso  the  to.xlo.lty  data. 
Anorexia,  weight  ljus,  mucoid  tremors,  vuukueau,  and  vomiting 
are  thu  ohlof  symptoms  of  chronic  inhalation  exposure  of  oonoen- 
t, rations  producing  minimal  pulmonary  pathology  (Ref.  4). 

3 .  Pharmacological  Actions  5n  Higher  Animals, 

a.  Central  Norvous  Jysterai  Toxio  amounts  given  lntra- 
vonoualy  to  ont,e,  does,  and  other  animals  rosult  in  oxcltement 
and  convulsions  after  a  latent  period  of  fifteen  to  twenty  minutes, 
or  .longer  with  smaller  doses.  Shortly  af tor  intravenous  injeotion, 
hypurpnot  appears,  followed  by  oxoitom-.mt  and  tonlo-olonlo  con¬ 
vulsions  lOJtiotluies  accompanied  by  opisthotonus.  Tho  pupils  are 
often  dilated  during  tho  convulsive  stages.  After  large  doses, 
dyspnea  mid  cyanosis  supervene.  Ouoh  central  nervous  ayetem 
stimulation  is,  of  courao,  controllable  by  common  central  nervous 
syntom  depressants  such  as  barbiturates  (Refs.  6,  8). 
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b.  Haart  and  Circulation)  If  oonvulalons  arc  prevented 
by  barbiturates  or  othor  oantral  nervous  ay item  dapreisanta, 
effects  upon  the  circulation  may  bo  observed  readily.  Convulsive 
Coses  produoo  o  preolpltous  drop  In  blood  pro a aura  vh.eh  is 
transient,  returning  to  normal  and  than  again  falling  oven  a 
pariod  of  time  to  ahook  levels.  Tha  paoeaaker  or  tha  heart  and 
aurioulo  ventricular  eonduotion  ara  dopraaaad.  With  vary  largo 
t'oaes,  tha  oootraotility  of  tha  haart  itaolf  la  daaraaaad  and 
terminally  ventricular  fibrillation  aay  auparvano  \t»t,  6). 

c.  Gastrointestinal  Tract?  Sffoota  observed  upon  tha 
smooth  muscle  of  tho  gastrointestinal  traot  inolud*  vomiting, 
which  oooura  in  unanaathatlaad  animals,  and  an  lnoraaao  in  tone 
of  tha  gut.  Thla  affaot,  however,  may  possibly  ba  dua  to  a 
oantral  narvoua  ayatam  affaot,  ainoa  isolated  intestinal  atrlpa 
do  not  raapond  in  a  oomparablo  fashion  (Ref.  5). 

d.  Tho  LI  van  gydraalna  haa  striking  affaota  upon  tha 
llvar  aa  vaa  noted  vary  early  in  tho  oontury  by  Underhill  and 
ICLelnor  (Raf.  9),  by  Valla  {Raf.  10),  and  latar  by  Bodanaky 

(M of.  11),  and  others  (tot .  t ) .  superficially,  tha  affaota  upon 
tho  llvar  raaoabla  thoaa  of  phosphorus  but  differ  In  an  important 
reaped  in  that  tha  paronohyaatoua  calls  of  tho  livar  alone  aeon 
to  loaa  thalr  oytoplaem  to  a  largo  dagraa  in  hydraclna  poisoning, 
aoMtimas  leaving  behind  praotioally  denuded  nuolol  vhanavor  tba 
oolla  ara  fragmented)  hovavar,  tho  oonapiououa  faatura  about  tha 
hydraalna-poiaonad  livar  la  tha  groat  fatty  replacement  or 
ratty  da  gena  rat  lor."  that  oooura  throughout,  starting  prlnolpally 
at  tha  oantral  portions  of  aaoh  lobs,  tha  blood  vsssels  and 
blllnry  traot  ara  vary  Uttla  affaotad.  If  tha  doaoa  ara  not  too 
largo  and  provldad  n  aufflolont  a unbar  of  runotlonal  oalls  ramaln 
to  tide  tho  polaonad  animal  ovor  the  orltlonl  period,  tha  affaot 
on  tba  liver  la  reversible  {Raf.  9).  Xn  further  ooncreat  to 
phosphorus.  It  appears  that  tha  greatest  visible  injury  by 
nydraslnt  la  oonfinod  to  tha  livar,  vhmreaa  phoaphorua  injury 
la  Mrs  uniformly  distributed  among  organa. 


■  ■  <ry 


■  .w 

■flM 


a.  Tho  Kidney i  Although  aaotamia  has  not  boon  reported 
la  hydraslne  poisoning  in  animals,  urln 


as  a  terminal  feature  in  hydraslne  poisoning  in  animals,  urinary 
abnormalities  may  ba  obaorvad.  Soma  of  thoaa  may  arias  from 
affaota  alaevhere,  via.,  on  tha  llvar  and  upon  the  blood. 
Hovavar,  tha  appearenoe  of  protein  in  tha  urine  in  tho  absonoe 
of  extrmreaal  urinary  traot  involvement  must  bm  ooneidered  to  ba 
dua  \.o  injurious  affaota  upon  tha  kidney.  HlaXologloal  ohtngcs 
in  tha  kidney  have  baaa  reported  (Raf a.  10,  18). 


.  f.  Iffaota  Upon  Metabolism  Tho 
(Raf,  p)  of  hydraalao  stimulated  a  number  of  studies  on  its 
olle  “  . 


i  hypoglycemia  action 

.  _ of  atudiea  on  its 

awtabollo  affaota.  Underhill  and  aaaoolatea  (Rafa.  13,  17) 
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oonoludtd  that  lnoraaaad  gluooaa  oxidation  vaa  tha  primary  oauoo 
of  hypoglycemia,  baaing  their  belief  on  tha  rim  In  respiratory 
quotient  during  ona  parlod  of  tha  eouraa  of  polaonlng,  on  the 
fall  in  llrar  glyoogan  and  on  all  a  ga  dir  lnoraaaad  ooinuatlon  of 
administered  gluooaa  by  hydraalnlaad  anlnala.  Hovever,  baat 

Production  vaa  not  lnoraaaad  and  hunoa.  tha  hypothesis  of 
noraaaad  oxidation  of  oarbohydrata  to  axplaln  tha  hypoE’yoanla 
vaa  open  to  quaatlon,  Koreover,  tha  effaeta  of  mating  «*■ 
Inanition  appenr  not  to  have  boon  completely  accounted  for, 
lnaaauoh  aa  lnoraaaad  allantoln  exoretlon,  for  example,  .-an 
asorlbad  by  tlnderbtll  and  oollaboratora  to  Inanition. 


Subsequently  Lavla  and  co-vorkers  (Rafa.  18-19)  and 
othara  (Raf.  18)  daaonatratad  aoounulatlon  of  aalno  aold  nltrogan 
in  plasma  of  polaonad  doga,  vlth  a  reduced  ability  of  tha  llvar 
to  oonvart.  administered  glyolna  and  gluooaa  to  glyoogan. 
Parenterally  and  orally  administered  laotata  did  not  raault  In 
lnoraaaad  glyoogan  deposition  in  hydraalnlaad  anlnala,  and  tha 
blood  augar  response  to  laotata  van  exaggerated,  Zaunt  oonolndad 
that  tha  Injured  llvar  vaa  uaabla  to  produce  glyoogan  fron  non* 
oarbohydrata  (fat  and  protali.)  notarial  a  aa  vail  and  thua  tha 
blood  augar  laval  oould  not  ba  auatalnad  (Raf.  19) I  noblllaad  fat 
aoounulatad  In  tha  llvar.  Hydreslne  did  not  affaot  tlaaua 
protaln  lavala  on  rabblta  (Raf.  80)  or  aoatona  body  production 
of  phlorhlslnlsed,  raatlng  rata  (Raf.  81).  It  appaara  oartaln, 
tharafora,  that  In  addition  to  preventing  daanlnatlon,  bydraalna 
lntarfaraa  orltloally  vlth  raaotlono  lnportant  to  tha  utilisation 
of  oarbohydrata  notarial  possibly  at  tha  thraa  imhoa  rail  duo 
laval .  Tha  protaotiva  affaotlva  of  pyruvata  raportad  by  Cola 
(Raf.  8)  and  tha  toxlo  affaot  of  gluooaa  to  hydraalnlaad  anlnala 
olalnad  by  Underhill  (Raf.  15)  aaan  to  add  support  to  this  idaa. 

Tha  rlaa  In  plaana  pH,  009  combining  povsr  and  RnA>l  ratio 
during  ona  ataga  of  polaonlng  Is  believed  by  aona  (Raf,  18)  to 
ba  aooountad  for  by  loaa  of  aold  In  vonltlngi  hovavar,  tha  ohlorlda 
loai  doaa  not  appear  to  aooount  for  all  of  tha  alkalotla  and 
henoe,  an  additional  and  parhapa  deeper-seated  oauia  for  tha 
eoid-beae  Inbalanoo  nuat  axlat. 


5.  Haiarda  to  Man; 

Tha  raoant  lltaratura  oontalna  llttls  information  on  tha 
hacard*  or  hydraalM  and  Ita  aalta  to  production  plant  personnel 
and  othar  bandlera  bayond  general  atatananta  In  publication*  pri - 
aarlly  dimotad  to  ehsmloal  and  produotlon  problana  (Rafa,  8,  24), 
Tha  effeota  of  brlaf  and  of  prolonged  axpoaura  of  nan  hava  not 
baan  daaorlbad  In  aufflclant  cllhloal  and  laboratory  detail  to 
Determine  tha  axtant  of  qualitative  and  quantitative  similarity 
to  tha  rffeots  on  othar  anlnala.  Vapor  Inhalation,  and  liquid 
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•yn  and  akin  contact  are  the  major  rout* a  for  lnjurtoua  exposure, 
end  affaota  axM  loom,  ayatailo,  or  both.  Deraatitl*  nftar 
akin  oontaot  haa  boon  reported  (Ref.  22)  Tha  anmonlaoal  odor 
of  hydraalna  and  affaotlaa .  ventilation  combined  ahould  reduce 
Inhalation  haaard  adequately,  end  prompt  flushing  of  akin  and 
•ye  vlth  ooplous  quantities  of  voter  ahould  reduo*  tha  haaard 
of  alkali -like  akin  burn  and  of  paroutanaoua  absorption  of  tozlo 
amounts.  If  raaulta  of  anlaal  exporinanta  oan  be  applied  to  nan, 
oonplata  vapor laat Ion  of  on* -half  ouuoa  In  an  unvantflatad  room, 

20  x  10  -  8  fact,  vould  raault  In  approximately  boo  mg/ m*.  t 
dnngaroua  oonoontratlon,  If  non*  vara  adaorbad  by  tha  valla, 
furniahlnga,  fabrloa,  ato.,  the  ratio  of  adaorbad  to  hydras  Ine 
vapor  fora  vould  datarnlae  tha  aaounta  of  aplllaga  expootsd  to 
bo  dangaroua.  Hovevar,  adaorbabillty  of  hydraalna  la  potantlally 
aarloua.  alnoa  brief  flushing  of  a  room  vlth  air  after  a  aplll 
nay  load  to  a  felee  aanaa  of  aaourlty  lnaaauoh  aa  tha  valla, 
furniahlnga,  eto.,  could  aubaequently  give  off  aufflolont  hydra - 
alha-to  product  a  haaardoua  altuatlon.  Possibility  of  auoh  a 
haaard  ahould  be  acoartalnad  In  aaoh  altuatlon  by  suitable  atudy, 

b.  Personnel  Protaatlon  and  Traatnant  of  Poisoning « 

Aside  f  n  tha  provisions  relative  to  ventilation  and 
vaahlng  of  liquid  oontaot  vlth  vatar  iapllod  in  Sootlon  3  above, 
adequate  respirator*,  oya-glaaaoa,  rubber  aprons,  gloves,  eto,, 
ahould  ba  provided  wherever  there  la  risk  of  expoaur*  and  par¬ 
ticularly  in  tha  unuaual  olrouastano*  of  fnaufflolaat  ventilation 
and  laok  of  vatar.  Traatnant  of  oaaualtlaa  la,  at  the  present 
state  of  knowledge,  eaplrleal  and  ayauptonatlo,  and  no  single 
symptom  la  diagnostic  of  hydraalna  lntoxloation. 

Convulsions  oharaotarlatlo  of  aout*  lntoxloation  aay 
ba  oontrollad  by  judloloua  uqa  of  a  barbiturate  auoh  aa  pentobar¬ 
bital  or  thiopental  by  a  phyallelan,  vlth  duo  regard  for  the 
oantral  narvouo  ayataai  dtprsaalon  vhloh  often  follows  a  oonvulelvw 
episode  of  any  origin. 


Skin  and  ay*  burns  ahould  bo  treatnd  aa  are  those  pro¬ 
duced  by  heat  or  by  any  other  alkali .  Dyspnea  or  other  eigne 
of  pulmonary  dung*  ahould  be  managed  vlth  oxygen  inhalation, 
and  liver  and  kidney  injury  ahould  be  treated  by  conventional 
methods  for  renal  and  hepatic  lneuffiolenoy  to  the  degree  required 
by  the  extent  of  Injure  evitalnod.  Thla  should  be  determined  by 
kidney  end  liver  function  teste,  particularly  carbohydrate 
tolereno*  and  pi  tern*  amino  eold  nitrogen  level  following  amine 
acid  administration.  Additional  traatnant  nay  lnoludo  aeoorblo 
odd  administration,  If  raeulta  of  treatnent  of  aout*  lntoxloation 
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reported  in  soao  animals  are  applicable  to  other  8PdPJ£®  ^Sf*  £3)  > 
The  protective  effect  of  pyruvate  alluded  to  earlier  (Be*. 
jrny  he  considered  in  severe  poisoning,  and  caution  )ti  too  use  or 
glucose  should  bo  observed  (Hof a ,  8,  15).  In  cover t:  acute  poison¬ 
ing,  intravenous  admin'',  s  tret  ion  of  fluids  should  bo  ronalderea. 
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